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AC 
A/C 
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AEHS 
AEO 
AEDC 
AF 
AGC 
AgCd 
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AgZn 
ALU 
AM 
a.m. 
AMP 
APM 
ARC 
ARO 
ASK 
at. wt 
ATM 
ATRS 
AU 
AWG 
AWGN 
B 
B 
BED 
ampere 
analog 
abampere 
alternating current 
Atlas /Centaur 
avalanche diode amplifier 
attitude determination and control subsystem 
automatic data processing equipment 
advanced entry heating simulator 
aureole/extinction detector 
Arnold Engineering Development Corporation 
audio frequency 
automatic gain control 
silver-cadmium 
silver oxide 
silver zinc 
authorized limited usage 
amplitude modulation 
ante meridian 
amplifier 
assistant project manager 
Ames Research Center 
after receipt of order 
amplitude shift key 
atomic weight 
atmosphere 
attenuated total refractance spectrometer 
astronomical unit 
American wire gauge 
additive white gaussian noise 
bilevel 
bus (probe bus) 
bus entry degradation 
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BER bit e r r o r  rate 
BLIMP boundary layer integral matrix procedure 
BPIS bus-probe interface simulator 
BPL bandpass limiter 
BPN boron potassium nitrate 
bps bits per second 
BTU British thermal unit 
C 
CADM 
C&CO 
CCU 
CDU 
CEA 
CFA 
cg 
c.g. 
C IA 
C KAFS 
cm 
c.m. 
C/M 
CMD 
CMO 
C -MOS 
C MS 
COSMOS 
C. p. 
CPSA 
CPSS 
Canberra tracking station- NASA DSN 
configuration administration and data management 
calibration and checkout 
central control unit 
command distribution unit 
control electronics assembly 
crossed field amplifier 
centigram 
center of gravity 
counting /integration assembly 
Cape Kennedy Air Force Station 
centimeter 
center of mass 
current monitor 
command 
configuration management office 
complementary metal oxide silicon 
configuration management system 
constant 
construction 
complementary metal oxide silicon 
center of pressure 
cloud particle size analyzer 
cloud particle size spectrometer 
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CPU cent ra l  processing unit 
CRT cathode r ay  tube 
CSU Colorado State University 
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D 
DACS 
DCE 
DDA 
DDE 
DDU 
DDULI? I 
DEA 
DEHP 
DFG 
DGB 
DHC 
DIO 
DIOC 
DIP 
DISS REG 
DLA 
DLBI 
DMA 
DOF 
DR 
DSCS I1 
DSIF 
DSL 
DSN 
DSP 
DSU 
DTC 
DTM 
digital 
data and command subsys tem 
despin control  e lectronics  
despin dr ive assembly 
despin dr ive e lectronics  
digital decoder unit 
doubly differenced v e r y  long baseline in te r fe romet ry  
despin electronics assembly  
di-2-ethylhexyl phthalate 
data format  generator  
d i sk  gap band 
data handling and command 
d i rec t  inputloutput 
d i rec t  inputloutput channel 
dual in-line package 
dissipative regulator 
declination of the launch azimuth 
doubly differenced ve ry  long baseline in te r fe romet ry  
despin mechanical  a s sembly  
degree  of freedom 
design review 
Defense System Communications Satell i te I1 
Deep Space Instrumentation Faci l i ty  
duration and s teer ing logic 
NASA Deep Space Network 
Defense Support P r o g r a m  
digital s to rage  unit 
design t o  cost  
dece le ra tor  t e s t  model 
ACRONYMS AND ABBREVIATIONS (CONTINUED) 
DTP 
DTU 
DVU 
EDA 
EGSE 
EIRP 
E MC 
E MI 
EO . 
E OF 
EOM 
E P  
E SA 
ESLE 
ESRO 
ETM 
ETR 
EXP 
FFT 
FIPP 
FMEA 
F OV 
FP 
FS 
FSK 
FTA 
descent t ime r /~ rog ra rnmer  
digital telemetry unit 
design verification unit 
encounter 
entry 
electronically despun antenna 
electrical ground support equipment 
effective isotropic radiated power 
electromagnetic compatibility 
electromagnetic interference 
engineering order 
end of frame 
end of mission 
earth pointer 
elastomeric silicone ablator 
equivalent station e r r o r  level 
European Space Research Organization 
electrical test model 
Eastern  Test Range 
experiment 
fast Fourier transform 
fabricationfinspection process procedure 
failure mode and effects analysis 
field of view 
fixed price 
f rame pulse (telemetry) 
federal stock 
frequency shift keying 
fixed time of arr ival  
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g 
G&A 
GCC 
GFE 
GHE 
GMT 
GSE 
GSFC 
H 
HFFB 
HPBW 
ht r 
HTT 
I 
IA 
IC 
ICD 
IEEE 
IF C 
IFJ  
IMP 
I10  
IOP 
IR 
IRAD 
IRIS 
IS T 
I&T 
I-v 
Goldstone Tracking Station - NASA DSN 
gravitational accelerat ion 
gravity 
genera l  and administrative 
ground control cons ole 
government furnished equipment 
ground handling equipment 
Greenwich mean t ime 
ground support equipment 
Goddard Space Flight Center 
Haystack Tracking Station - NASA DSN 
Ames Hypersonic F r e e  Flight Ballist ic Range 
half-power beamwidth 
hea ter  
heat  t ransfer  tunnel 
cu r ren t  
inver te r  assembly 
integrated circui t  
interface control document 
Institute of Elec t r ica l  and Electronics  Engineering 
interface control document 
in-flight jumper 
interplanetary monitoring platform 
input/ output 
input /output process  or  
infrared 
independent r e s e a r c h  and development 
inf rared  in ter ferometer  spec t rometer  
integrated sys tem te s t  
integration and t e s t  
current-voltage 
vi i  
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JPL 
KSC 
L 
LDIAD 
L P  
LPM 
LPTTL 
MSI 
LRC 
M 
MAG 
m ax 
MEOP 
MFSK 
MGSE 
MH 
MIC 
m in 
MJS 
MMBPS 
MMC 
MN 
mod 
MOI 
MOS LSI 
MP 
MSF C 
MPSK 
MSI 
MUX 
MVM 
Jet Propulsion Laboratory 
Kennedy Space Center 
launch 
launch datelarrival  date 
large probe 
lines per minute 
low power transistor-transistor logic 
medium scale integration 
Langley Research Center 
Madrid tracking station - NASA DSN 
magnetometer 
maximum 
maximum expected operating pressure 
M'ary frequency shift keying 
mechanical ground support equipment 
mechanical handling 
microwave integrated circuit 
minimum 
Mariner Jupiter-Saturn 
multimission bipropellant propulsion subsystem 
Martin Marietta Corporation 
Mach number 
modulation 
moment of inertia 
metal over silicone large scale integration 
maximum power 
Marshall Space Flight Center 
M'ary phase shift keying 
medium scale integration 
multiplexer 
Mariner Venus -Mars 
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NAD Naval Ammunition Depot, Crane, Indiana 
N/A not available 
NiCd nickel cadmium 
NM/IM neutral mass spectrometer and ion mass  spectrometer 
NRZ non-return to zero  
NVOP normal to Venus orbital plane 
OEM other equipment manufacturers 
OGO Orbiting Geophysical Observatory 
OIM orbit insertion motor 
P 
PAM 
PC 
PCM 
PCM- 
PSK -PM 
PCU 
PDA 
PDM 
P I  
PJU 
PLL 
PM 
p.m. 
P -MOS 
PMP 
PMS 
PMT 
PPM 
PR 
PROM 
PSE 
power 
pulse amplitude modulation 
printed circuit 
pulse code modulation 
pulse code modulation-phase shift keying- 
phase modulation 
power control unit 
platform drive assembly 
pulse duration modulation 
principal investigator 
proposed instrument 
Pioneer Jupiter-Uranus 
phase -locked loop 
phase modulation 
post meridian 
positive channel metal oxide silicon 
parts,  materials, processes 
probe mission spacecraft 
photomultiplier tube 
parts per million 
pulse position modulation 
process requirements 
programmable read-only memory 
program storage and execution assembly 
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PSIA 
PSK 
PSU 
PTE 
QOI 
QTM 
RCS 
REF 
R F  
RHCP 
RHS 
RMP-B 
RMS 
RMU 
ROM 
RSS 
RT 
RTU 
S 
SBASI 
SCP 
SCR 
SCT 
SEA 
SFOF 
SGLS 
SHIV 
S LR 
SLRC 
pounds per square inch absolute 
phase shift key 
Pioneer Saturn-Uranus 
probe test  equipment 
quality .operation instructions 
qualification test model 
reaction control subsystem 
reference 
radio frequency 
right hand circularly polarized 
reflecting heat shield 
Reentry Measurements Program,  Phase B 
root mean square 
remote multiplexer unit 
read only memory 
rough order  of magnitude 
root sum square 
retargeting 
remote terminal unit 
separation 
single bridgewire Apollo standard initiator 
stored command programmer 
silicon controlled rectifier 
spin control thrusters  
shunt electronics assembly 
Space Flight Operations Facility 
space ground link subsystem 
shock induced vorticity 
shock layer radiometer 
shock layer radiometer calibration 
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SMAA 
SMIA 
SNR 
S P  
SPC 
SPSG 
SR 
SRM 
SSG 
SSI 
STM 
STMITTM 
STS 
sync 
TBD 
TCC 
T/D 
TDC 
TEMP 
TS 
T T L  MSI 
TLM 
TOF 
T R F  
TTM 
T/V 
TWT 
TWTA 
semimajor axis 
semiminor axis 
signal to noise ratio 
small probe 
sensor and power control 
spin sector generator 
shunt radiator 
solid rocket motor 
Science Steering Group 
small scale integration 
structural test model 
structural test model/thermal test model 
system test  set 
synchronous 
to be determined 
test conductor's console 
Thor/Delta 
telemetry data console 
temperature 
test set 
transistor-transistor logic medium scale integration 
telemetry 
time of flight 
tuned radio frequency 
thermal test model 
thermo vacuum 
travelling wave tube 
travelling wave tube amplifier 
UHF ultrahigh frequency 
UV : ultraviolet 
VAC 
VCM 
VCO 
VDC 
VLBI 
VOI 
VOP 
VSI 
VTA 
XDS 
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volts alternating cur rent  
vacuum condensable ma t t e r  
voltage controlled oscil lator 
volts d i rec t  cur rent  
very  long baseline interferometry 
Venus orbit  inser t ion 
Venus orbi ta l  plane 
Viking s tandard init iator 
variable t ime  of a r r i v a l  
Xerox Data Systems 
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Notes 
-
1)  Pre l iminary  draf ts  of this  specification were  provided informally to 
ARC during the  cour se  of the study. This revision includes a bet ter  
definition of the p re fe r red  designs a s  of 18 June 1973. Only some  
of the changes reflecting the new requirements  of PV-1000.00 and 
related R F P  documents have been incorporated because of study 
schedule constraints .  
2 )  Some numer ica l  data has  been underlined (e. g . ,  20. W )  to  indicate 
prel iminary values subject to change. These pre l iminary  values 
represent  nothing m o r e  than educated guesses  in some  cases ,  but 
have been included in  preference to  TBD's (To Be Determined) to 
increase  the usefulness of the document. 
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1 .  SCOPE 
This specification establishes the Pioneer Venus Spacecraft require- 
ments for the following areas: 
a )  Design criteria and performance requirements for the 
Pioneer Venus spacecraft systems and subsystems for 
a 1978 Multiprobe Mission and a 1978 Orbiter Mission 
b) Spacecraft System Interfaces 
c )  Scientific Instrument Lntegration 
2. APPLICABLE DOCUMENTS 
The following documents of the i ssue ,  a s  specified, f o r m  a pa r t  of 
this specification (SY 1-62) to the extent specified herein.  
a )  Supplementary Requirements Document, PV- 1006 which 
consis ts  of the following: 
PV-1006.01 General  Mission Requirements 
PV- 1006.02 Scientific Instrument Requirements 
PV- 1006.03 DSN Interface Requirements 
PV-1006.04 Launch Vehicle Requirements 
PV-1006.05 Launch Operations Requirements 
PV-1006.06 Flight Operations Requirements 
PV- 1006.07 Ground Support Equipment Requirements 
b )  AFETRM 127-1, "The Range Safety Manual of the 
AFETR", September 1. 1972 
C )  NASA SP-8011, "Models of the Venus Atmosphere", 
revised September 1972 
d) DSN Document No. 810-5, "Deep Space NetworkIFlight 
P ro jec t  Interface Design Handbook", Revision C, 
April 15, 1972 
. . 
e )  NASA TM X-64627, "Space and Planetary  Environment 
C r i t e r i a  Guidelines for Use in Space Vehicle Develop- 
ment", November 15, 1971 
f.) KMI 1710; lB/SF, "General Safety Plan of KSC", 
October 9. 1970 
g)  MHB 5300,4(1A), "Reliability P r o g r a m  Provisions for 
Aeronautical and Space System Contractors",  Apr i l  1970 
h) NHB 5300.4(1B), "Quality P r o g r a m  Provisions for  
Aeronautical and Space System Contractors".  Apri l  1969 
i)  NHB 5300.4(3A), "Requirements fo r  Soldered 
Elec t r ica l  Connections" and ARC Supplement 1, 
September 15, 1972 
j)  AHB 5328. 1, "P re fe r red  P a r t s  and Mater ials  List", 
September 1972 
k )  AHB 5328-3, "Screening Inspection for  Electronic 
Parts" ,  November 1972 
1) Fed.  Std. No. 209A, "Clean Room and Work Station 
Requirements ,  Controlled Environment", August 10, 1966 
m) M I L - P - l l b F ,  "Methods of Preserva t ion" ,  
1 F e b r u a r y  1973 
n )  MIL-STD- 129F, "Marking fo r  Shipment and Storage", 
30 March  1973 
0 )  MIL-STD- 1186, "Cushioning, Anchoring, Bracing,  
Blocking and Waterproofing, Appropria te  T e s t  Methods", 
28 October 1972 
3. REQUIREMENTS 
3.1 SYSTEM DESCRIPTION 
The Pioneer  Venus spacecraft  sys t em includes vehicles for a 1978 
multi-probe mission and a 1978 orbi ter  mission. A spacecraft  bus with 
common subsystem designs i s  used to support both missions.  An Atlas/  
Centaur launch vehicle i s  used for  each mission. 
For  the multi-probe mission the bus c a r r i e s  three  smal l  probes and 
a single la rge  probe, a s  shown in F igure  3.1-1. Each probe has  a heat 
shield and is designed to protect i t s  experiment complement during entry 
and descent to the surface of Venus. The bus c a r r i e s  some experiments 
and also en ters  the Venusian atmosphere to return high altitude data 
before i t  i s  destroyed. 
For  the orb i te r  mission, the bus c a r r i e s  a la rger  complement of 
experiments,  i s  provided with increased data handling capability, and i s  
inser ted into orbi t  around Venus by a solid propellant rocket motor. The 
spacecraft  remains  in orb i t  for over one Venusian year  (243 ear th  days) 
in  order  pr imari ly  to r e tu rn  low altitude scientific data f r o m  a wide range 
of latitudes and longitudes. Figure 3.1-2 shows the overal l  orbi ter  mis-  
sion configuration. 
3. 1.1 Probe  Bus Description 
The probe bus in combination with i t s  complement of scientific 
instruments  and with the probes comprises  a spinning spacecraft .  At 
launch the probe bus c a r r i e s  a la rge  probe and three  sma l l  probes,  a s  
described in Sections 3.1.2 and 3.1.3. The probe bus itself consists of: 
a )  A s t ruc tures  subsystem to support and enclose in a 
suitable environment the bus scientific instruments ,  
the probes and other spacecraft  components. The  
s t ruc tures  subsystem also includes the launch vehicle 
adapter and separation mechanisms. The s t ruc tures  
subsystem includes support fittings and separation 
mechanisms to support and r e l ease  the probes. 
b)  An attitude control subsystem to provide the required 
spacecraf t  attitudes throughout the mission and to 
provide sma l l  velocity increments  during interplane- 
t a ry  c ru i se  and pr ior  to probe re lease  and bus entry. 
S M A L L  PROBE 
(ThREE PLACES) 
PROBE 
BUS 
Figure 3 .  1 - 1 .  Multi-Probe Mission Spacecraft 
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C )  An e lec t r ica l  power subsystem which includes a solar  
a r r a y ,  a battery,  and equipment to convert, regulate, and 
distribute e lec t r ica l  power to other bus subsystems,  
to the probes,  and to the bus scientific instruments.  
This subsystem a lso  includes the e lec t r ica l  connectors 
between the bus and the probes. 
d )  A communications subsystem which includes antennas, 
t ransmi t te rs ,  and rece ivers  to provide two-way com- 
munication between the bus and DSN stations. 
e )  A command subsystem which decodes commands 
received f r o m  the communications subsys tem and dis-  
t r ibutes  them to other bus subsystems, to the  bus 
experiments,  and to the probes. Capability to s to re  
t ime tagged commands fo r  la te r  execution is also 
included. 
f )  A data handling subsystem to process  data f r o m  bus 
scientific instruments,  probe checkout data,  and data 
f r o m  bus engineering sensor s  and to te lemeter  the 
r e su l t s  to ear th  via the communications subsystem. 
g)  A the rma l  control subsystem which provides the su r -  
face coatings, insulation, heaters ,  and louvers to 
provide a controlled thermal  environment for the bus 
equipment and scientific instruments and to mee t  the 
probe the rma l  interface requirements  during launch 
and interplanetary c ru i se  pr ior  to probe re lease .  
3 .  1.2 Large Probe  Description 
The la rge    robe is re leased  f r o m  the bus about 25 days pr ior  to 
entry in an attitude appropriate for  entry a t  essentially ze ro  angle of 
attack. This attitude i s  stabilized by the spin momentum retained by the 
la rge  probe a t  separation. The ma jo r  elements of the la rge  probe a r e  an 
aeroshel l /hea t  shield to provide aerodynamic braking and thermal  pro-  
tection during entry,  and a heat and p res su re  res i s tan t  descent capsule 
which i s  separated f rom the aeroshel l  by a parachute which fur ther  
dece lera tes  the capsule. Final  descent i s  made without the parachute 
because of the dense atmosphere.  In m o r e  detail, the la rge  probe consists 
of: 
a )  An aeroshel l  subsystem to support and enclose the 
descent capsule, and other probe equipment during 
launch, c ru i se  and atmospheric entry and to support 
the heat shield subsystem. The aeroshel l  a lso 
defines the aerodynamic shape during entry. 
A decelerator subsystem which consists of a deploy- 
ment mortar  and parachute used to separate the aero- 
shell from the descent capsule and to decelerate the 
descent capsule. 
A descent capsule subsystem which consists of a 
pressure vessel with internal structure to support 
scientific instruments and probe electronic equipment 
and a combination aerodynamic coverlradome which 
encloses the pressure vessel, communications antenna 
and the thermal insulation which surrounds the pres-  
sure vessel. Viewports and other penetration a r e  also 
part  of the descent capsule subsystem. 
A mechanisms subsystem which consists of attachment, 
release, and deployment mechanisms which control 
the mechanical operations and staging of the large 
probe during entry and descent. 
A heat shield subsystem which consists of forebody 
and afterbody ablative materials which a r e  bonded to 
the aeroshell to provide thermal protection during 
entry. Exposed surfaces of the heat shield a r e  also 
coated to provide appropriate thermal properties 
during cruise, both before and after separation from 
the bus. 
A thermal control subsystem consisting of coatings, 
insulation, and heaters to provide a controlled thermal 
environment for the probe equipment and scientific 
instruments mounted inside the descent capsule and 
within the aeroshell. 
An electrical power subsystem consisting of a battery 
and equipment to control and distribute electrical 
power to separation devices, probe electronics, and 
to the scientific instruments. 
A data handling and command subsystem which con- 
s is ts  of acceleration sensors, t imers  and other equip- 
ment to control timing and sequencing of al l  probe 
subsystems and to collect and encode data from the 
science instruments and probe engineering sensors. 
The data handling and command subsystem stores 
data a s  necessary which cannot be transmitted in rea l  
time and relays both stored and r ea l  time data to the 
probe communications subsystem. 
A communications subsystem including a transmitter,  
a receiver, and an antenna to provide a two-way 
coherent communications link with DSN stations after 
separation from the bus. 
3 .  1.3 Small  Probe  Description 
The th ree  smal l  probes a r e  identical (except for  downlink frequen- 
c ies )  and a r e  s imi lar  in many ways to the la rge  probe. One important 
exception i s  that the aeroshel l  and heat shield a r e  retained throughout 
entry and descent. P o r t s  a r e  opened af ter  peak heating to expose the 
scientific instruments.  The sma l l  probes a r e  spin stabilized af te r  
r e l ease  f r o m  the bus, c a r r y  identical science payloads, and consist  of 
the following: 
a )  An aeroshel l  subsystem to support and enclose the 
p r e s s u r e  vessel  and other probe equipment throughout 
the mission f r o m  launch until  impact on the sur face  
of Venus. 
b) A p r e s s u r e  vesse l  subsystem consisting of a p r e s s u r e  
vessel  and internal  s t ruc ture  to enclose and support 
the science instruments  and probe electronic equipment. 
C )  A mechanisms subsystem which includes equipment 
to deploy and expose the science instruments  during 
descent. 
d )  A heat shield subsystem consisting of forebody and 
afterbody ablative mater ia l s  which a r e  bonded to and 
supported by the aeroshel l  and which provide protection 
f r o m  aerodynamic heating during entry.  
e )  A thermal  control subsystem consisting of coatings, 
insulation, phase change mater ia l ,  and hea ters  to 
provide a controlled thermal  environment for the 
probe equipment and scientific instruments .  
f )  An e lec t r ica l  power subsystem consisting of a bat tery 
and equipment to control and distribute e lec t r ica l  
power to the probe equipment and the scientific 
instruments.  
g) A data handling and command subsystem which consists 
of accelerat ion sensors ,  t i m e r s ,  and other equipment 
to control timing and sequencing of a l l  probe subsystems 
and to collect the encode data f r o m  the science instru-  
ments  and probe engineering sensors .  T h e  data handling 
and command subsystem s t o r e s  data a s  necessary  
which cannot be t ransmit ted in r e a l  t ime and re lays  
both s tored and r e a l  t ime data to the probe communications. 
h) A communications subsystem which includes a t ransmi t te r  
and an antenna to t r ansmi t  data f r o m  the scientific 
instruments  and probe engineering sensor s  to DSN 
stations. 
3. 1.4 Orbi ter  
The orb i te r  consis ts  of a modified probe bus which together with i t s  
complement of scientific instruments  compr ises  a spinning spacecraft .  
During normal  interplanetary c ru i se  and orbi ta l  operation the orb i te r  fl ies 
with i t s  spin axis pointing toward ear th.  A gimballed platform i s  provided 
fo r  the scientific instruments  which must  be aligned with the r a m  velocity 
near  per iapsis .  
a )  Structures  - Changes in the s t ruc tu res  subsystem to 
accommodate different scientific instruments ,  the 
addition of a high gain antenna ref lector ,  and a solid 
rocket motor  for  orbi t  insertion. 
b)  Attitude Control - Add a drive and the associated 
electronics  for the gimballed ram experiment plat- 
form. Add a dr ive and the associated electronics  
fo r  the r a d a r  a l t imeter  antenna. 
C )  E lec t r ic  Power - The bat tery and so lar  a r r a y  s i zes  
a r e  increased to accommodate the increased science 
instrument  and communication requirements.  
d )  Communication - Increase  t ransmi t te r  power and 
add a high gain (directional) antenna and related 
equipment in o rde r  to provide increased data r a t e  
capability. A conscan processor  i s  added in  o rde r  
to m e a s u r e  main antenna pointing relative to the 
earthline.  
e )  Command - No change to the command subsystem. 
f )  Data Handling - Data s torage capability i s  added to 
the data handling subsys tem to s to re  data during 
ea r th  occultation and to temporari ly  s to re  data 
acquired a t  r a t e s  too high for  r e a l  t ime t ransmission.  
g) Thermal  Control - Detailed changes in thermal  con- 
t r o l  subsystem to acconunodate the new science, 
spacecraf t  equipment, and the Venus environment. 
h )  Solid Rocket Motor - A solid rocket motor is added 
for orb i t  insertion. 
3.2 COMPATIBILITY 
3.2. 1 Spacecraft/Launch Vehicle 
Both spacecraf t  shal l  be  compatible with the Atlas /Centaur launch 
vehicle. a s  specified in PV 1006.04. 
The probes ,  probe bus,  and orb i te r  spacecraf t  sha l l  be compatible 
with the Deep Space Network, a s  specified in P V  1006.03. 
F o r  the probe mission,  one d iscre te  nominal t r ansmi t  and receive 
frequency sha l l  be allocated to  the probe bus and another to the la rge  
probe. A total  of four  additional nominal t r ansmi t  f requencies  shal l  be 
allocated for  u se  by the s m a l l  probes.  Only t h r e e  will  actually be used 
during the miss ion  with the fourth sma l l  p robe  frequency r e se rved  for the 
flight spa re .  
3.2.3 P r o b e  BusfScientific Instrument  Interfaces  
The  probe bus sha l l  be compatible with the scientific instruments,  
a s  specified in  P V  1006.02. 
3.2.4 ProbeIScientific Instrument  Interfaces  
The l a r g e  and sma l l  p robes  shall  be compatible with the scientific 
ins t ruments ,  a s  specified in P V  1006.02. 
3. 2.5 - OrbiterIScientific Instrument  Interfaces  
The o rb i t e r  spacecraf t  sha l l  be compatible with the scientific instru-  
ments ,  a s  specified in P V  1006-02. 
3.3  PROBE AND PROBE BUS INTERFACES 
3. 3. i - Weight and Mass Propert ies  
The probes shal l  not. exceed the weights allocated to them in 
Section 3. 4. 9. 2. 
Entry and descent dynamic considerations impose constraints on 
probe center of m a s s  locations and m a s s  properties.  In that regard, the 
la rge  probe shall  be designed to meet  the requirements of Section 3.6. 4. 2 
and the smal l  probes to meet  the requirements of Section 3.6. 5. 2 .  In 
addition, the pertinent probe mass  propert ies  data including limits on allow- 
able variations shall  be documented and controlled in t h e p r o b e /  Probe Bus 
Interface Control Document (ICD) ( I F I - 5 1 )  in order  to meet  dynamic require- 
ments during interplanetary cruise  and probe separation. Tolerances and 
allowable variations of probe m a s s  proper t ies  shal l  be  controlled during 
design and manufacture to a s su re  that the requirements  of the ~ r o b e / & o b e  
Bus ICD a r e  met .  
3.3.2 Mechanical Attachment and Separation Mechanism 
3.3.2.1 Large P robe  
The la rge  probe shall  be compatible with three-point attachment and 
support f rom the probe bus. The probe bus shall  provide the mechanisms 
for attachment and support of the la rge  probe throughout a l l  mission phases 
leading to la rge  probe release.  The probe bus attachment and support 
mechanisms shall  provide for re lease  of the l a rge  probe on command in a 
manner which a s s u r e s  that the requirements  of Section 3.3.6 will be met. 
The e lec t r ica l  umbilical required in  Section 3.3.7 shal l  be designed 
to operate in  a manner  which a s s u r e s  that the requirements  of Section 3.3.6 
a r e  met.  This may be  done by assur ing  mechanical separation of the 
electr ical  connections pr ior  to probe release.  
The l a rge  probe s i ze  shall 'not exceed the envelope given in 
Figure 3.3-1. 
3.3.2.2 Small  Probe  
Each small probe shal l  be compatible with four p a i r s  of support 
pads located a s  shown in Figure 3.3-2 around the l a rges t  diameter with 
one pad f rom each pa i r  bearing on the probe forebody and the other on the 
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Figure 3 . 3 - 2 .  Placement of Small Probe Support Pads 
probe afterbody. High density material with low susceptibility to creep 
shall be used for the heat shield in the a reas  contacted by the support pads. 
The probe bus shall provide the support pads and associated structure 
and mechanisms in order to support each small probe throughout al l  mis- 
sion phases up to the time of its release. The support pad material(s) and 
design shall be compatible with the interfacing small probe heat shield 
material. This compatibility includes meeting the requirement that no 
heat shield surface damage o r  deformation which might significantly affect 
entry performance shall be caused by the support pads. The probe bus 
shall provide for the release of each small probe on command in a manner 
which assures that the requirements of Section 3. 3. 5  will be met. 
The small  probe shall not exceed the envelope given in Figure 3.3-3. 
The electrical umbilical required in Section 3. 3. 6 shall be designed 
to operate in a manner which assures  that the requirements of Section 3. 3 . 5  
a r e  met. This may be done by assuring mechanical separation of the 
electrical connections prior to probe release. 
3.3.3 Power 
The probe bus shall provide 28 VDC electrical power to each probe 
in order to meet the requirements in Section 3.3.6. Provision shall also 
be made in the probe and probe bus designs to permit checkout and charg- 
ing of the probe batteries at any time up until shroud installation. 
3.3.4 Thermal Interfaces 
3.3.4.1 Large Probe 
The forward portion of the large probe may be exposed to the space 
environment after launch vehicle shroud release and for the entire inter- 
planetary cruise portion of the mission until the large probe release. The 
exposed surfaces of the large probe shall be compatible with this exposure 
and shall meet the requirements of Section 3.6.4.8. Thermal characteris- 
t ics of these exposed surfaces shall be documented and controlled in the 
ProbeIProbe Bus ICD (IF1-51). 
The probe bus shall maintain appropriate attitudes throughout cruise 
so that the average solar input, in combination with heat supplied through 
the attach fittings from the bus, will keep the bulk temperature within the 
Figure 3 . 3 - 3 .  Small Probe Envelope Limitations 
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large probe aeroshell within the limits of -18 and 2 9 ' ~  (0 and 8 5 ' ~ )  a t  
a l l  t imes prior to release f rom the bus. 
3.3.4.2 Small Probe 
The probe bus shall provide a thermal enclosure for each small 
probe through al l  mission phases up to 0. hour before release of the 
particular small  probe. The thermal environment provided by the probe 
bus shall maintain the bulk temperature of each small  probe between - 18 
and 2 9 O ~  (0 and 8 5 O ~ )  a t  a l l  t imes prior to release of the thermal cover 
on the small probe enclosure. 
3.3.5 Separation Attitude and Dynamics 
The nominal probe attitudes and velocities a t  probe release a r e  
functions of the requirements of Section 3.6.2 and of DSN tracking capa- 
bilities as  specified in P V  1006.03, Spacecraft/DSN interface. The probes 
shall be compatible with those requirements and with the effects of attitude, 
spin rate, and velocity uncertainties within the bounds specified in 
Table 3.3-1. 
The probe bus shall be capable of ensuring that uncertainties in probe 
attitude, spin rate, and velocity immediately after separation do not exceed 
the requirements of Table 3.3- 1, due to  e r r o r s  o r  uncertainties in probe 
bus performance. Earth based calibrations or  measurements of probe 
bus inflight performance may be used to aid in meeting this requirement 
but e r r o r s  in Table 3.3- 1 shall include effects of a l l  residual uncertainties 
in probe bus attitude prior to probe release, in release timing, and in tip- 
off forces and moments during release. 
Table 3.3-1 
Max. Angular Max. Spin 
Momentum Axis Nutation 
Vector Angle About Maximum 
Direction Momentum Velocity 
E r r o r  Vector Spin Rate Er ror*  
(deg. 3 ~ )  (deg. 3 u) (RPM, 3 ~ )  (mlsec ,  3 u) 
Large probe - 2 2 
- 10.0 kO.1 0.02 
Each small probe - 3 3 
- - 10.0 k0 .2  - 0.05 
:::Does not include bus position and velocity e r r o r s  a t  release. 
3.3.6 Test Provisions 
An electrical umbilical connection shall be provided between the 
probe bus and each probe. Mechanical and electrical details of this 
umbilical shall meet the requirements of ProbefProbe Bus ICD (IF1-51), 
and the probe bus shall be responsible for mechanical separation of this 
umbilical connection prior to o r  during probe release. 
As a minimum, this electrical umbilical shall permit prelaunch and 
cruise phase tests  of probe battery and functional integrity of probe 
subsystems. 
The probe bus shall provide appropriate command capability to 
stimulate and control each probe and shall provide data handling capability 
so that probe test data may be relayed to EGSE prior to launch o r  to earth 
via DSN stations during cruise. These capability requirements a r e  sum- 
marized in Table 3.3-2. 
Table 3.3-2. Summary of Probe Test Command and Telemetry 
Capabilities Required of Probe Bus 
Ground Test Mode Cruise Mode 
Maximum number 64 6 4 
of commands for 
each probe 
Command format 8 bits serial  8 bits serial  
Command bit rate One command each One command each 
22 seconds 22 seconds 
Telemetry block length i 192 bits i 92 bits 
Telemetry bit rate 16 to 2048 bps at  16 to 2048 bps at  
50% duty cycle 50% duty cycle 
3 . 3 . 7  Dynamic Environments 
The dynamic (structural) environments imposed on the probes during 
test, launch, cruise, and separation from the bus shall meet the require- 
ments of ProbeIProbe Bus ICD (IF1-51). 
3.4 GENERAL DESIGN REQUIREMENTS AND CRITERIA 
3.4. 1 Fa i lure  Modes, Reliability, and Redundancy 
3.4. 1. 1 Fa i lure  Modes 
Modes of operation shall  be provided for in the basic design o r  shall  
be  available with the bas ic  design such that a single failure of any electronic 
p a r t  of e lectromechanical  control  sys tem assembly will not resu l t  in 
catastrophic fai lure  of the probe bus o r  orb i te r  t o  complete their  respective 
missions.  
3.4.1.2 Reliability 
Probe  and o rb i t e r  spacecraft ,  exclusive of scientific instruments,  
shal l  a s  a goal exceed the minimum probability given in  Table 3.3-3 of 
performing the nominal miss ion  profile. The numer ica l  probability of 
success  shal l  account for  degradation due to the environment and shall  be 
calculated using fai lure  r a t e s  provided by the spacecraf t  contractor,  and 
subject t o  approval by the ARC /PPO. The probe heat shields and p res su re  
vessels  may be  excluded f r o m  the numerical  reliability model, but separa-  
tion and deployment mechanisms shall  be  included. Assurance that these 
specific i t ems  meet  overa l l  mission reliability requirements  will be 
assumed a s  a r e su l t  of satisfying the product assurance  requirements  of 
Section 4.0. 
Table 3.3-3. Reliability Goals for P r o b e  and Orbi ter  Spacecraft  
Probability of 
Completing 
Nominal Mission 
Probe bus 0. 93 
Large probe 0. 90 
Each smal l  probe 0. 90 
Orbi ter  spacecraf t  0. 90 
, 3.4.1.3 Redundancy 
Redundancy shall be used judiciously so a s  to maximize the prob- 
ability of achieving the mission objectives within the overall constraints 
of the mission profile. As a minimum, al l  pyrotechnically operated 
devices such a s  pin pullers, bolt cutters, etc., whose failure to operate 
would jeopardize continued mission success, shall be redundant or shall 
have redundant initiators and redundant firing circuits. Pyrotechnically 
operated devices which a r e  part  of a scientific instrument and whose 
operation affects only that instrument need not be redundant. The solid 
rocket motor used for orbit insertion shall have redundant arming and 
redundant firing circuits. 
3.4.2 Interchangeability 
Each small probe shall be interchangeable with any other small 
probe except that a total of 4 different transmitter frequencies shall be 
used, of which 3 frequencies shall be assigned for flight and the fourth 
frequency shall be reserved for the spare small probe. 
Except where specifically required by differences in mission pro- 
file, the probe bus and orbiter spacecraft hardware shall be completely 
interchangeable with functionally identical systems, assemblies, o r  sub- 
assemblies. Within each spacecraft, interchangeability between func- 
tionally identical equipment i s  required. 
3.4.3 Factor of Safety and P a r t s  Derating 
3.4.3. 1 Electronic Pa r t s  
The contractor shall maintain a Pioneer Venus Approved P a r t s  List. 
All parts  and derating factors shall be subject to ARCIPPO approval. The 
Pioneer Venus Approved Pa r t s  List shall indicate the part  type, manu- 
facturer, and derating criteria. The parts  selected for the l is t  shall be of 
the JAN-TX and ERMIL type with precap visual inspection on integrated 
circuits. 
3.4.3.2 Probe P re s su re  Vessels 
The critical load condition for the probe pressure  vessels occurs 
at  the termination of the descent phase when the probes reach the surface 
of Venus. For this design condition the nominal pressure  of 1400 psi 
6 2 (9 .6  x 10 Newtons/meter ) may be treated a s  the ultimate design load for 
the pressure  vessels. The pressure  vessels shall survive a single 
exposure to ultimate load a t  the design temperature limit without catas- 
trophic failure. The thermal control provisions for the pressure  vessels 
shall have adequate margins to assure  that the design temperature limits 
on the pressure  vessels a r e  not exceeded. 
3.4.3.3 Pressure  Vessels Involving Human Safety 
Propellant tanks and other pressure vessels which may be pressurized 
prior to launch shall meet the requirements of AFETRM 127- 1. 
3.4.3.4 General Structural Factors of Safe t r  
Reasonable factors of safety between rated performance and operat- 
ing performance shall be applied to al l  structural elements not already 
specifically referenced in Sections 3.4.3.2 or  3.4.3.3. These factors of 
safety shall be subject to approval of the ARC/PPO. 
3.4.4 Access and Testing 
The spacecraft shall be designed with due consideration of the 
requirements and schedule for the integration and tes t  program to provide: 
a )  Ease of access for installation and removal of subsystems 
and assemblies including scientific instruments and 
probes. 
b) Ease of handling and transporting between and during 
the individual tests. 
C )  A capability of verifying overall system performance 
and integrity by testing major subsystems independently 
of the complete system so a s  to reduce the time 
required for and difficulty and complexity of full- 
system tests .  
3.4.5 Operation in Flight 
The requirements of this section a r e  predicated on operation of the 
spacecraft i n  normal modes without having suffered any on board equip- 
ment failures. 
3.4.5.1 General Requirements 
The probe and orbiter spacecraft shall be designed to operate in a l l  
non-malfunction modes after separation from the launch vehicle so that all 
mission critical maneuvers or events can be safely accomplished without 
requiring tracking by or transmission of commands from any ground station 
to the spacecraft. 
a )  At any particular time 
b) At any fixed period 
C )  For a time exceeding four hours 
d) More frequently than twice per week. 
In addition, for al l  subsystems, in the normal design mode of 
operation: 
e )  Required performance monitoring from telemetry data 
shall be accomplished within the above tracking con- 
straints. 
f)  Transmission of a command from the ground at  a time 
set by the monitored performance shall not be required. 
g) A ser ies  of commands at precise time intervals shall 
not be required. 
3 . 4 . 5 . 2  Special Mission Operations 
Operations associated with midcourse velocity maneuvers, probe 
retargeting and release, probe and probe bus entry, and orbit insertion 
a r e  excluded from the constraints of Section 3 . 4 . 5 . 1 .  
3 . 4 . 5 . 3  Readout of Orbiter Scientific Data 
For  the orbiter spacecraft daily readout of scientific instrument 
data may be assumed. The readout may occur at any time of day when 
the spacecraft i s  not occulted from earth. The readout shall not interfere 
with ongoing scientific measurements o r  normal operation of the space- 
craft. No degradation to the system other than loss of scientific data shall 
occur if readout of the scientific data is not made. 
As a goal, i t  shall be possible to read out the scientific data from 
an entire orbit from a single DSIF station during a single pass over that 
station. Use of a 64 m station may be assumed in order to meet this 
requirement. As an alternate, at any time in the orbiter mission i t  shall 
be possible to read out a l l  the scientific data from each orbit assuming 
normal spacecraft operation and daily coverage by two 26 m DSIF stations. 
3.4. 5 .4 Orbi te r  Scientific Instrument Commands 
Cer ta in  of the scientific instruments  which take data only near 
per iapsis  may  be operated a t  reduced power during other portions of the 
orbi t  and the i r  data need not be transmitted or  stored for  delayed t rans-  
miss ion  during portions of the orbit  removed f rom periapsis  a s  reflected 
in the requirements  of P V  1006.02. 
The orb i te r  spacecraf t  shal l  be  designed so  that if the spacecraf t  is 
operated normally, scientific instrument power control and data handling 
commands a r e  not required f r o m  the ground a t  any particular t ime in order 
to  a s s u r e  continued mission success ,  except fo r  possible loss of scientific 
data during periods when daily readout by DSN i s  not donc. 
The orb i te r  spacecraf t  shall  provide operational capability and 
scientific instrument command storage capability s o  that during normal  
operation without spacecraf t  o r  scientific instrument fai lures ,  command 
and control of the scientific instruments  may be accomplished within the 
constraints of Section 3.4. 5. i without any loss  of valid scientific data. 
3.4.5.5 Orbit  Adjustment 
The orb i te r  spacecraf t  shal l  be capable of performing velocity 
,, 
changes in  o r d e r  to  adjust  orbi t  period and periapsis  altitude according 
to  the requirements  of Section 3.6.6.3 without interrupting communica- 
tions with the ear th.  
3.4. 6 P a r t s  and Mater ials  
3.4. 6. 1 General  
The sys t em shall  be fabricated entirely with par t s  and mater ia l s  and 
by processes  that a r e  spaceflight qualified for  the specific application in- 
tended. The use of magnetic mater ia l s  and mater ia l s  subject to outgass- 
ing problems shall  be selected consistent with the scientific objectives of 
the mission.  All  pa r t s  and mater ia l s  shall  be subject to approval by the 
ARC/ PPO. 
3.4.6.2 Commercia l  P a r t s  
In gene'ral, u s e  of commerc ia l  grade pa r t s  and ma te r i a l s  shal l  be  
confined to fas teners ,  s tandard fittings, and minor hardware i tems.  
Standard m a t e r i a l  stock may  be used with appropriate certification. 
3.4. 6.3 Prohibitions 
The following i tems shal l  not be used: 
a )  P a r t s  made of o r  coated with zinc, tin, o r  cadmium. 
b)  Magnesium par t s  without suitable surface t reatment ,  
if exposed to the environment. 
C )  Locktite o r  other thread binding mater ia l s .  
3.4.7 Magnetic P rope r t i e s  
The magnitude of the magnetic field a t  the  position of the magneto- 
me te r  sensor  on the orbi ter ,  exclusive of the fields induced by the scientific 
instruments ,  sha l l  not exceed - 5 y during flight. 
The magnetic fields shal l  not exceed the above l imits  fo r  a l l  comman- 
dable and normal  operating modes in flight which would not otherwise p r e -  
sent acquisition of valid magnetometer data. Magnetometer data need not 
be obtained during midcourse maneuvers ,  probe re lease ,  o r  retarget ing 
maneuvers;  orbi t  insertion, o r  per iapsis  maintenance maneuvers.  
3.4.8 Electromagnetic Compatibility (EMC) 
3.4.8.1 General  Requirements 
Each spacecraf t  subsystem shal l  be electromagnetically compatible 
with a l l  other spacecraf t  subsystems,  and scientific instruments  a s  
specified in  P V  1006.02. Electromagnetic compatibility requi res  that: 
a )  The normal  operation of each spacecraf t  subsystem shall 
not be adversely affected by signals o r  voltage variations 
generated by other subsystems o r  scientific instruments  
a s  p a r t  of the i r  normal  operation 
b) No spacecraf t  subsystem sha l l  d i s turb  normal  operation 
of other subsystems o r  scientific instruments  by the 
emission of signals o r  voltage variations other than 
those produced to  pe r fo rm i t s  intended function. 
The electromagnetic compatibility requirements  shal l  be me t  f o r  a l l  com- 
mandable and normal  operating modes in  orbi ta l  flight. 
3.4.8.2 Grounding and Specific EMC Requirements 
In o r d e r  to meet  the requirements  of Sections 3.4.7 and 3.4.8.1, 
the spacecraf t  e lec t r ica l  power subsystem and a l l  using units shall ,  a s  a 
goal, u se  a single point ground system. Deviations f r o m  this goal a r e  
permiss ib le  providing that the requirements  of Sections 3.4. 7 and 3.4. 8. 1 
a r e  met .  Signal grounds (involving cur rents  of l e s s  than 500 pa) may  be 
distributed, i. e . ,  individual spacecraf t  units o r  scientific instruments  may 
u s e  the spacecraf t  s t ruc ture  for  signal grounds. 
In o rde r  to meet  the requirements  of Section 3.4.8, each spacecraf t  
subsystem and the units which comprise  it shall  meet  the requirements  of 
TBD and TBD (EMC design c r i t e r i a  and requirements  modified f rom 
Power 10111). 
3.4.9 Dynamics and Mass P rope r t i e s  
3.4.9.1 Expendables 
The expendables shal l  include sufficient propellant to provide velocity 
and attitude control capabilities a s  specified in Sections 3.6.3.3 and 
3.6.3.4 for  the probe mission,  and Sections 3.6.5.3 and 3. 6.5.4 for the 
orb i te r  mission. 
3.4. 9 . 2  Weight and Weight Allocations 
The spacecraf t  sys t em weight for the probe and orb i te r  missions 
shall  be in accordance with the launch vehicle performance capabilities 
for  the selected launch opportunities, a s  defined in Section 3.6. 1. 
3.4.9.2. 1 P robe  Mission Spacecraft  Weight and Weight Allocation 
The spacecraf t  sys t em weight, which includes the probe bus system, 
the la rge  and sma l l  probes,  and the launch vehiclefspacecraft  adapter,  
shall  not exceed 818.3 ki lograms (1804 pounds), a s  specified in 
Section 3.6.1.1. 
The following weight allocations within the spacecraf t  sys t em shall  
not be  exceeded. 
Kilograms Pounds 
Probe  bus (Section 3.6.3.9)  226.8 500 
Large  probe (Section 3.6.4.9) 310.3 684 
Small  probes (3) (Section 3.6.5.9) 234.0 (78 each)  516 (172 each)  
Launch vehiclefspacecraf t  adapter 47.2 - 104 
818.3 1804 
3.4.9.2.2 Orbi ter  Mission Spacecraft  Weight and Weight Allocation 
The spacecraf t  sys tem weight, which includes the orbi ter  spacecraf t  
and the launch vehicle/spacecraft  adapter,  shall  not exceed 552.2 ki lograms 
(1224 pounds) 
The following weight allocations shal l  be observed: 
Kilograms Pounds 
Orbi ter  spacecraf t  (Section 3.6.6.8) 508.0 1120 
Launch vehicle/spacecraft  adapter 47.2 104 
555.2 1224 
3.4.9.3 Static Balance Constraints  Imposed by Launch Vehicle 
The spacecraf t  s ta t ic  balance shal l  comply with the requirements  a s  
imposed by the launch vehicle design constraints.  The spacecraf t  center  
of gravity la te ra l  displacement f r o m  the center-l ine of the spacecraf t  attach 
fitting that mates  with the launch vehicle/spacecraft  inters tage s t ruc ture  
may be a s  la rge  a s  254 mi l l imeters  (10 inches),  provided the s t ruc tura l  
limitations of the Centaur are not exceeded and the separation tipoff r a t e s  
a s  specified in  P V  1006.04 a r e  met .  
3.4.9.4 Rigidity 
The rigidity of the spacecra i t  shal l  be such that a l l  resonant f r e -  
quencies of the s t ruc ture  and assembl ies  a r e  above - 4 Hz in the launch 
configuration. As a design goal, the  p r imary  s t ruc tura l  frequencies 
should be above 25 Hz in  the axial  direction and above - 4 Hz in  the l a t e ra l  
direction for  the spacecraf t  rigidly attached a t  the separation plane. 
3.4. 10 Environments 
3.4. 10.1 Shipping and Handling 
The spacecraf t  shal l  withstand a 4.5g load factor  a t  the separation 
plane o r  the hard points, applied in  any direction. 
3.4. 10.2 Storage 
The spacecraf t  shal l  be capable of being s tored in a suitable, space- 
craf t  contractor supplied facil i ty fo r  a period of th ree  y e a r s  with minimal  
maintenance (periodic exerc ise  of e lec t r ica l  equipment). Assemblies  
part icular ly susceptible to  ambient environment may  be removed f r o m  the 
spacecraf t  and s tored separately under appropriate  conditions (such a s  
so lar  panels which possibly could not to le ra te  the specified humidity 
environment fo r  protracted periods).  Bat ter ies  a r e  excluded f r o m  this 
s torage  requirement .  
3.4. 10.3 T e s t  Environments 
The spacecraf t  shall  withstand the t e s t  environments specified in 
Section 4.0. 
3.4.10.4 Launch Environments 
The  spacecraf t  shall  withstand the checkout, on-stand, and powered 
flight environments a s  specified in P V  1006.04. 
3.4. 10.5 Interplanetary Environment 
The  spacecraf t  shal l  withstand the interplanetary environments a s  
defined in  NASA TM X-64627 "Space and Planetary Cr i t e r i a  Guidelines fo r  
Use in Space Vehicle Development 1971 Revision, " November 15, 1971, 
with the exception of Section 1.3.2. 1. The following shall  be substituted 
for  Section 1.3.2.1: 
Solar High Energy Pa r t i c l e  Radiation 
+ Composition: Predominantly Pro tons  (H ) 
Predicted Integrated Yearly Flux a t  1.0 AU: 
2 Annual Totals (protons / c m  ) 
Year Energy > 10 Mev Energy > 30 Mev Energy > 60 Mev 
-
9 1978 2.1 x 10 2.9 x 10 8 9.2 x 10 7 
1979 2.5 x 10 9 5 . 0 ~  108 2.0 x 10 8 
Note: F o r  radiation environments a t  other than 1.0 AU, scaling 
according to the inverse  square of the distance f r o m  the 
Sun may be  employed. 
Note: In the event of any conflicts between T M  X-64627 and 
SP-8011, SP-8011 shal l  prevail .  
3 . 4 .  10.6 Venus Atmosphere 
The most  probable molecular m a s s  Venus atmosphere (Model I) 
given in  NASA S P  8011 (revised September 1972) shall  be  used for  a space 
craf t  design. 
3 . 4 .  11 Planetary Quarantine 
Because of the na ture  of the Venus environment, no special  pro- 
visions beyond normal  spacecraft  manufacturing pract ice shal l  be  requiret  
to avoid contamination of Venus by earth-based organisms. 
3.4.12 Ground Support Equipment (GSE) Requirements 
3 . 4 .  12. 1 Ground Support Equipment fo r  Launch Operations 
As a minimum, ground support equipment shal l  be provided a t  
CKAFS to pe rmi t  functional tes t s  of the subsystems with the spacecraft  
in  the launch configuration and to  permi t  removal and replacement of any 
probe with the spacecraf t  on the launch vehicle with the shroud removed. 
3 . 4 .  12.2 Other GSE Requirements 
T BD 
3 . 4 .  1 3  Venting 
All  internal  volumes within the aeroshel l  of each probe but outside 
of the p res su re  vessels  shal l  be vented to  avoid p r e s s u r e  differentials 
during test ,  launch, o r  entry wnich could cause sufficient s t ruc tura l  defor 
mation to jeopardize successful operation of the probe. 
All internal  volumes within the probe bus and the orb i te r  spacecraf t  
shal l  be vented to avoid p res su re  differentials during t e s t  o r  launch which 
could cause sufficient s t ructural  deformation to jeopardize successful 
operation of e i ther  spacecraft .  
3.5 ACCOMMODATIONS FOR SCIENTIFIC INSTRUMENTS 
3.5. 1 P robe  Bus Scientific Instruments 
3.5.1.1 General  and Specific 
The  requirements  se t  for th herein for  individual scientific instruments 
a r e  intended to  be of a general  nature for use  in prel iminary o r  gross  
design of the spacecraft .  The specific requirements for each scientific 
instrument will be specified in PV 1006.02, will fit within the boundaries 
of these general  requirements ,  and will be the governing requirements  for 
the final design of the spacecraf t  system. 
3.5.1.2 Capability 
The bus sha l l  have the capability to accommodate and meet  the 
requirements  of the individual scientific instruments  a s  defined in the 
Supplementary Requirements Document, PV-1006.02, Scientific Instru- 
ment  Requirements.  The bus shal l  be  capable of telemetering to ear th  
the scientific data obtained throughout the c r i t ica l  entry period. 
3.5. 1.3 Mechanical Requirements 
a )  The bus shal l  be capable of mounting and supporting up 
to s ix  scientific instruments,  weighing a total  of 40 lbs 
(18. 1 kg) and occupying a total volume of 1281 in3 
(21, 000 cm3). 
b )  Each instrument  will include suitable mounting tabs,  
o r  through-holes, for fastening the instrument to the 
bus. Required mounting screws o r  bolts shal l  be 
furnished a s  p a r t  of the bus system. Location, 
orientation and mounting accuracy for  each scientific 
instrument  sha l l  be  as specified in the individual instru-  
ment  descriptions.  (PV-1006.02) 
C )  Fields  of view, viewing windows, and sampling inlet 
por t s  for  the scientific instruments shal l  be provided 
to mee t  the requirement  a s  indicated in the individual 
instrument  descriptions. (PV- 1006.02) 
d )  The bus sys t em shal l  include provisions fo r  stowing. 
retaining, and protecting scientific instrument  a s sem-  
bl ies  and appendages fo r  launch, and fo r  unlatching 
and deploying sensor s  into suitable operating positions 
a s  specified in the individual instrument descriptions.  
This requirement  includes storage for  launch and 
subsequent unlatching of the spring-loaded sensor  whip 
fo r  the electron temperature probe and appropriate  
signals provided to t r igger  mechanisms integral to the 
instruments  to remove protective covers. 
3.5. 1.4 Thermal  Control Requirements 
The bus sys t em sha l l  include the rma l  control to maintain tempera-  
tu res  of a l l  internally mounted instruments,  measured a t  the mounting 
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surface,  to bet-ween -40 and t 5 0  C nonoperating, and between -20 and 
+50°c operating. 
3.5. 1.5 Elec t r ica l  Requirements 
a )  The bus shal l  provide to the scientific instruments  a t  
leas t  30 watts of e lectr ic  power at t 2 8  VDC, f 10 per -  
cent, a s  measured a t  the instrument input connectors 
when in  the c ru ise  attitude and f r o m  approximately 
60 minutes before Venus entry until the end of the bus 
mission. 
b )  The bus shal l  provide the electr ic  power to each 
scientific instrument a s  specified in the individual 
instrument  descriptions. (PV-1006.02) 
C )  The bus shal l  provide individual power circui t  p ro-  
tection provisions for each of the scientific instruments,  
so  that a malfunction within any one instrument.  will 
not jeopardize performance of any other instrument 
o r  bus subsystem. 
d )  The bus shal l  include suitable wire  harness  to d is t r i -  
bute power, timing signals, and data signals to and 
f r o m  each scientific instrument.  
3.5. 1.6 Timing and Reference Signal Requirements 
The bus sys tem shal l  provide timing signals to the scientific instru-  
ments ,  including but not limited to: 
a )  Roll  re ference  pulse 
b) Master  clock 
C )  Bit shift pulse t ra in 
d )  Word gates 
e )  F r a m e  r a t e  pulse. 
3.5.1.7 Data Requirements 
a )  The bus shal l  be capable of accepting data f r o m  the 
scientific instruments in digital, analog, o r  bilevel 
state form and converting, and arranging these data 
in appropriate telemetry formats for time multi- 
plexed transmission to earth. 
b) Baseline individual instrument data acquisition require- 
ments a r e  defined in PV-1006.02 for the individual 
instruments. The bus shall be capable of data trans-  
mission ra tes  which a r e  compatible with complete 
recovery of al l  scientific data collected during the 
altitude interval 250 to 130 k m  for entry angles a s  
steep a s  -25 degrees. 
C )  The bus shall be capable of accepting analog data 
signals from scientific instruments and converting 
them to digital signals with an accuracy of 8 bits o r  
better. 
d) A minimum of 14 bilevel status bits shall be provided 
for scientific instruments. 
3.5.1.8 Command Requirements 
The bus system shall provide a minimum of 20 commands for bus- 
mounted scientific instruments, including an on-off command for each 
instrument. 
3.5. 1.9 Instrument Pointing and Orientation Requirements 
The bus shall be capable of maintaining spin axis orientation within 
i10 degrees of the bus inertial velocity vector during the altitude interval 
f rom 250 to-130 km. The instantaneous bus orientation shall be deter- 
minable to within + 2 degrees during this period. 
3.5.2 Large Probe Scientific Instruments 
3.5.2.1 General and Specific 
The requirements set  forth herein for individual scientific instru- 
ments a r e  intended to be of a general nature for use in preliminary o r  
gross  design of the large probe. The specific requirements for each 
scientific instrument will be specified in P V  1006.02, will fit within the 
boundaries of these general requirements, and will be the governing 
requirements for the final design of the spacecraft system. 
3.5.2.2 Capability 
The probe shall have the capability to accommodate and meet the 
requirements of the individual scientific instruments as  defined in the 
Supplementary Requirements Document, PV-  1006.02 "Scientific Lnstru- 
ment Requirements. " 
3.5.2.3 Mechanical Requirements 
a )  The probe shall be capable of mounting and supporting 
up to 12 scientific instruments weighing a total of 
77.2 lbs (35.0 kg) and having a total volume of 2440 
in3 (40. 000 cm3). Each instrument will include suit- 
able mounting tabs or through-holes for fastening to 
the probe. Required mounting devices shall be pro- 
vided by the probe. 
b) Fields of view, spectral transmission, and optical 
properties of windows a s  required by the individual 
instruments (specified in P V -  1006.02) shall be pro- 
vided by the probe. A principal goal in instrument 
window performance shall be to provide predictable 
transmission properties throughout the measurement 
period of each instrument. The design selected shall 
minimize the accumulation of solid and liquid matter 
on the surfaces. The design shall provide assurance 
that at the beginning of scientific observations in 
subsonic descent, each window assembly shall have a 
spectral transmission equal to at least 95 percent of 
the nominal expected for a clean window. Further, 
s imilar  performance shall be provided at  approximately 
20 minutes later during the descent. 
C )  Inlets and electrical penetrations passing through the 
pressure  vessel shall meet the requirements of the 
individual instruments. 
d) The probe shall provide and include means for deploy- 
ing booms and protective covers for  instrument sensors 
required by the individual scientific instruments a s  
specified in P V -  1006.02. 
3.5.2.4 Thermal Control 
The thermal control requirements for the probe a r e  a s  specified 
for the bus in Section 3. 5. 1.4. 
3.5.2.5 Electrical Requirements 
a )  The probe shall provide to the scientific instruments 
at  least  120 watts of electrical power at  28 VDC 
k10 percent a s  measured a t  the instrument connectors 
f rom approximately 15 minutes before entry until 
impact on the sur faces  of Venus. In addition, a t  leas t  
120 watt-hours of energy, of which no m o r e  than 30 
watt-hours will  be  used a t  any one t ime,  shal l  be 
provided f o r  in-flight checkout of the instruments .  
b )  The probe shal l  include suitable wire  ha rness  to dis-  
tr ibute power to each scientific instrument.  
C )  The probe shal l  provide individual power circui t  
protection provision for each of the scientific ins t ru-  
ments  so  that a malfunction within any instrument  will  
not jeopardize any other instrument o r  probe subsystem. 
This protection subsystem shal l  provide an automatic 
one-time r e s e t  during the post-entry descent. 
3.5. 2.6 Timing and Reference Signal Requirements 
The probe shall  provide timing and reference signals a s  required by 
each scientific instrument  a s  specified in PV 1006. 02. 
3.5.2.7 Data Requirements 
a )  The probe sha l l  be capable of accepting data f r o m  the 
scientific instruments  in digital, analog, o r  bilevel 
s ta te  f o r m  and converting and arranging these  data 
in appropriate  te lemetry  formats  fo r  t ime  multiplexed 
t ransmiss ion  to ear th.  
b)  The scientific data acquisition r a t e  is a function of 
t ra jectory and of the ballist ic coefficient in t e rmina l  
descent. Baseline individual instrument  data acquisi-  
tion requirements  a r e  defined in the PV- 1006.02 for  
the individual instruments.  The probe sha l l  be capa- 
ble of data t ransmiss ion  r a t e s  which a r e  compatible 
with complete recovery of a l l  scientific data collected 
during the mission. 
3.5.2.8 Descent Rate Modulation Requirements 
The probe approach, entry,  and descent profile shal l  be  designed to 
accommodate scientific requirements  within the capacity of the  data hand- 
ling and communication sys tems.  Minimum residence t imes  and scientific 
data returned expressed a s  a function of altitude a r e  specified in PV-1006.02. 
3.5.2.9 Operating Atmosphere Within the P r e s s u r e  Vesse l  
The la rge  probe sha l l  be  designed to maintain the p r e s s u r e  internal  
to the p r e s s u r e  vessel  above a t  leas t  4 ps i  throughout the miss ion  p r io r  
to entry and for  a l l  normal  operating tempera tures .  The nominal internal  
atmosphere shal l  be d r y  nitrogen of one atmosphere when the p r e s s u r e  
vessel  i s  a t  room temperature.  
During entry and descent to  the surface the total  p r e s s u r e  vessel  
leakage r a t e  shal l  be l e s s  than 5 x standard c c l s e c  excluding any 
leakage through instruments  which a r e  designed to  admit atmospheric 
gases.  The total  leakage to the in te r ior  of the p r e s s u r e  vessel  through 
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those instruments  will be l e s s  than standard c c l s e c .  
As the p r e s s u r e  vesse l  and internal  equipment tempera tures  increase  
during entry and descent the internal  p r e s s u r e  will r i s e  but will not exceed 
30 psi. The l a rge  probe shal l  not be required to be  designed to limit this 
natural  p r e s s u r e  inc rease  due to tempera ture  except i t  shal l  l imit  ambient 
0 
tempera tures  in the p r e s s u r e  vesse l  to l e s s  than mF. 
3.5.2.10 Stored and Sequenced Commands 
a. Coast T i m e r  
The la rge  probe sha l l  be capable of generating a sequence of dis-  
c re te  commands for  the scientific instruments  based on the output of 
timing c i rcu i t ry  which will  be initialized o r  s ta r ted  pr ior  to separation 
f r o m  the probe bus. The la rge  probe shal l  be designed to pe rmi t  the 
exact number and relative t iming of the commands to be modified pr ior  
to final assembly of the la rge  probe. If hardware changes a r e  necessary 
to meet  this  requirement  they sha l l  be  of a minor  nature which does not 
require  requalification o r  extensive retest .  The following capabilities 
shall  be provided: 
a )  Number of d iscre te  commands - a t  leas t  four 
b)  Maximum t ime  f r o m  initialization to l a s t  s tored 
d iscre te  - 32 days 
C )  Minimum t ime between sequential  commands - 
1 * . 1 min  
d )  Maximum command t ime uncertainty relative to 
initialization - + 5 min. 
b. Entry T i m e r  
The la rge  probe shal l  be  capable of generating a second sequence 
of d iscre te  commands fo r  the scientific instruments  based on t ime elapsed 
f r o m  50g increasing. The la rge  probe shal l  include a sensor  o r  sensors  
3-31 
which shall  produce a d iscre te  signal when probe axial  accelerat ion 
reaches  0.5 f 0.50 g and this  signal shall  be used to  s t a r t  o r  initialize 
the  command sequence. The large probe shal l  be designed to permi t  the 
exact number and relat ive timing of the commands to be modified pr ior  
to  final assembly  of the probe. If hardware changes a r e  necessa ry  to 
meet  this  requirement  they shal l  be of a minor  nature which does not 
requi re  requalification or  extensive retest .  The  following capabilities 
shall  be  provided: . 
e )  Number of d i sc re t e  commands - a t  least  40 
f )  Maximum t ime f r o m  initialization to l a s t  stored command - 
120 minutes 
g) Minimum t ime between sequential commands - 1 i 0.1 seconds 
h )  Maximum command t ime uncertainty relat ive to initialization - 
1 second. 
3.5.2.11 Large  P robe  Aper tures  for Viewing and Sampling 
f r o m  Within P r e s s u r e  Vessel 
3.5.2.11. 1 Number and Size 
The la rge  probe shall  be  designed to accommodate and be compati- 
ble with a t  leas t  - 8 penetrations for science instrument  optical o r  sample 
apertures .  One shall  be 3.00 !c 0.005 inches in d iameter  fo r  use  with the 
m a s s  spectrometer .  Seven shall  be  of a standardized design and shall  
have a t  least  a 1.0 inch diameter  opening for use  with optical windows o r  
the mounting of protruding sensors .  
3.5.2. 11. 2 Optical Windows 
The la rge  probe sha l l  provide f z r  optical windows to  fi t  the stan- 
dardized one inch p r e s s u r e  vessel  penetrations and to  provide the viewing 
capabilities required in  3.2.5.3. Each window shal l  consis t  of a n  inner  
and outer lens element. Each element shall  be mounted s o  a s  to provide 
a p r e s s u r e  s e a l  and each element shal l  be capable of withstanding the 
ambient p r e s s u r e  throughout the descent t o  the sur face  of Venus, includ- 
ing the thermal  effects on the inner  element assuming that i t  is not pro-  
tected by the outer element. 
The la rge  probe shal l  be designed to heat the outer element of each 
0 
optical window so  that i t s  temperature i s  a t  leas t  10 C above ambient 
throughout the descent f r o m  an altitude of a t  least  75 km to the surface.  
The enclosed volume between window elements shall  be evacuated 
to reduce heat  t ransfer .  The enclosed volume shall  be purged with dry  
nitrogen p r io r  to forming the final p r e s s u r e  seal,  and the p res su re  betwee: 
- 4  the window elements shal l  not exceed 10 atmospheres  a t  2 0 O ~ .  
3.5.2.11. 3 Viewing Requirements 
The optical windows and associated p r e s s u r e  vesse l  penetrations 
shall  be arranged to provide fields of view which have the  following 
character is t ics :  
a )  A window which provides a 2.5 deg (half angle) viewing 
cone unobstructed by probe surfaces and looking forward 
(i. e. , downward) paral le l  t o  the spin axis. A m i r r o r  may 
be used between the inner and outer window elements to 
fold the optical path so that the axis of the p r e s s u r e  
vesse l  penetration need not be para l le l  to the spin axis. 
b) A window with an integral m i r r o r  assembly to provide 
two fields of view for  the same instrument,  each having 
a 15 deg (half angle) c lear  cone around the central  l ines 
of sight in  a plane containing the probe spin axis, one' 
line of sight 45 deg f r o m  the forward spin axis and the 
other 135 degrees  f r o m  the forward spin axis. 
c )  Two windows adjacent to  each other each providing a 
0. 5 deg (half angle; conical field of view arranged to 
look out radially between 85 and 95 deg relat ive to  the 
spin axis. The central  l ines  of sight of the windows 
shall  c r o s s  TBD inches f r o m  the outer window elements. 
3.5.2. 12 Viewing Requirements for Instruments External 
to the P r e s s u r e  Vessel 
TBD 
3.5.2.13 Descent Capsule Spin Rate 
The la rge  probe descent capsule sha l l  be designed to maintain a 
clockwise (viewed f r o m  behind and above) 'spin r a t e  of a t  least  5 rpm. 
3. 5 .  3  Small  P r o b e  Scientific Inst ruments  
3. 5. 3. 1 General  and Specific 
The requi rements  s e t  f o r t h  he re in  for  individual scientific i n s t ru -  
ments  a r e  intended t o  b e  of a genera l  nature  for  u se  in pre l iminary  o r  
g r o s s  design of the sma l l  probes .  The  specific requi rements  for  each 
scientif ic ins t rument  will b e  specified in  P V  1006. 02, will f i t  within the 
boundaries of these  genera l  requirements ,  and will be  the governing 
requi rements  f o r  the  final  design of the spacecraf t  system.  
3 .5 .  3. 2 Small  P r o b e  Scientific Accommodations 
The  scientific accommodations on the Small  P r o b e  shal l  b e  a s  
specified for  the  La rge  Probe ,  Section 3 . 5 . 2 ,  except a s  modified below: 
a )  Section 3 . 5 .  2. 3  a )  modified a s  follows: Each  probe 
shal l  be  capable of mounting and supporting up t o  
5 scientific ins t ruments  weighing a tota l  of 5.2 pounds 
( 2 . 4  kg) and having a tota l  volume of 8 5  in3  (1390 cm3).  
Each ins t rument  will  include suitable mounting tabs  o r  
through-holes f o r  fastening t o  the probe.  Required 
mounting devices  sha l l  be provided by the probe. 
b) Section 3. 5 . 2 .  5  a )  modified a s  follows: Each probe 
shal l  provide t o  the  scientific ins t ruments  at l e a s t  
10 watts of e l ec t r i ca l  power a t  28 volts dc  i l O  percent  
a s  measured  a t  the  inst rument  connectors f r o m  approxi-  
mately 15 minutes  before  entry until impact  on the s u r -  
faces  of Venus. In addition, a t  l e a s t  10 watt-hours of 
energy, of which no m o r e  than 3 watt-hours w i l l  b e  used 
a t  any one t ime ,  sha l l  be  provided for  in-flight checkout 
of the  inst ruments .  
c )  Section 3. 5. 2.  10 b )  modified a s  follows: The  number 
of d i sc re t e  commands i n  i t e m  e) shal l  b e  reduced 
f r o m  a t  l ea s t  40 t o  a t  l ea s t  15. 
d)  Section 3 . 5 . 2 . 1 3  sha l l  b e  deleted. 
e)  Section 3 . 5 . 2 .  11 sha l l  b e  replaced by Section 3 . 5 .  3 . 3 .  
3 . 5 . 3 .  3 Small  P r o b e  Aper tu re s  for  Viewing and Sampling f r o m  
Within P r e s s u r e  Vesse l  
3 . 5 . 3 . 3 .  1 Number and Size 
The  sma l l  p robes  shal l  b e  designed to accommodate and b e  compati- 
b le  with a t  l eas t  - 3 penetrat ions  f o r  science inst rument  .optical o r  sample 
a p e r t u r e s  which shall  b e  of a standardized design and shal l  have a t  l ea s t  
1.0 inch diameter  opening fo r  use with optical windows o r  the mounting 
of protruding sensors .  
3 . 5 .  3. 3. 2 Optical Windows 
Each sma l l  probe shal l  provide two optical windows to f i t  the stan- 
-- 
dardized one inch p r e s s u r e  vessel  penetrations and to  provide the view- 
ing capabilities required in  3 . 3 . 5 . 3 .  Each window shal l  consist  of an 
inner and outer lens element. Each element shall  be mounted s o  a s  to  
provide a p res su re  sea l  and each element shall  be capable of withstand- 
ing the ambient p r e s s u r e  throughout the descent to  the surface of Venus, 
including the thermal  effects on the inner  element assuming that i t  i s  not 
protected by the outer element. 
The small  probes shall  be designed to heat the outer element of 
each optical window s o  that i ts  temperature i s  a t  leas t  ~ O O C  above ambi- 
ent throughout the descent f rom an  altitude of a t  least  75 km t o  the 
surface.  
The enclosed volume between window elements may  be evacuated to  
reduce heat t ransfer .  In any event the enclosed volume shall  be purged 
with dry  nitrogen p r io r  to  forming the final p res su re  seal,  and the p res -  
s u r e  between the window elements shal l  not exceed i. 1 atmospheres a t  
20°c. 
3 . 5 .  3 . 3 . 3  Viewing Requirements 
The optical windows and associated p res su re  vessel  penetrations 
shall  be arranged to  provide fields of view which have the following 
character is t ics :  
a )  Two windows adjacent to  each other each providing a 
0.5 deg (half angle) conical field of view arranged to  
look out radially between 8 5  and 9 5  deg relative to the 
spin axis. The central  l ines  of sight of the windows 
shall  c r o s s  TBD inches f r o m  the outer window elements. 
3 . 5 . 3 . 4  P r e s s u r e  Gauge Sensing P o r t  
Each small  probe shall  provide a p r e s s u r e  gauge sensing port  
which shall be  located a t  the forward stagnation point. As a minimum 
the p r e s s u r e  por t  shall  be  opened for p r e s s u r e  measurement  p r io r  to 
descent to TBD k m  and shall  remain open for the r e s t  of the nominal 
mission. The sma l l  probes shal l  not be  required to s e a l  the sensing port  
a t  any point in the mission except a s  necessary to  provide for  smal l  probe 
integrity during entry. Each small  probe shall  provide a p r e s s u r e  tight 
l ine leading f r o m  the sensing por t  to the p r e s s u r e  gauge instrument inside 
the p r e s s u r e  vessel.  
3.5.3.5 Deployment of Tempera ture  Probe  and Nephelometer 
Each smal l  probe shall  deploy the tempera ture  probe and nephelometer 
a f te r  peak heating during entry and before descending to  a n  altitude of TBD h. 
When deployed the tempera ture  probe shal l  protrude a t  l eas t  TBD inches 
f r o m  the surface of the forward portion of the aeroshel l  along a line nor- 
m a l  to  the local  aeroshel l  surface s o  that it is exposed to  the f r e e  s t ream.  
3.5.4 Orbiter Spacecraft Scientific Instruments 
3.5.4. 1 General and Specific 
The  requirements  se t  for th here in  for individual scientific instru-  
ments  a r e  intended to  be  of a general  nature for  use  in prel iminary or 
g ross  design of the la rge  probe. The specific requirements  fo r  each 
scientific instrument will be  specified in P V  1006.02, will fit within the 
boundaries of these general  requirements ,  and will  be  the governing 
requirements  for  the final design of the  spacecraft  system. 
3.5.4. 2 Scientific Accommodation 
a )  The orb i te r  shall  have the capability to accommodate 
and meet  the requirements  of the individual scientific 
instruments  a s  defined in P V  1006.02, "Scientific 
Instrument Requirements.  " 
b) The orbi ter  shall  be capable of performance which 
pe rmi t s  the establishment of the above specified orbit  
around Venus and which shall  remain fally operational 
over a minimum of 243 ear th  days. 
3.5.4.3 Mechanical Requirements 
a )  The orbi ter  spacecraft  shall  be  capable of mounting and 
supporting up to  10 scientific instruments,  weighing 
a total of approximately 100 pounds (45 kg) and occupy- 
ing a total volume of approximately 3540 in3 (58.000 cm3). 
b) The orbi ter  shall  provide a l l  mechanically positionable 
platforms o r  gimbals required for instrument  sensor  
pointing and viewing. 
c )  The orb i te r  shall  provide a mechanical boom upon which 
the magnetometer sensor  of 1 .7  pounds (0.77 kg) can be  
mounted. The boom shal l  be  of sufficient length to 
place the magnetometer sensor  a t  a distance f r o m  the 
spacecraf t  such that the  requi rements  specified in 
Section 3. 3. 1 .3  a r e  met. The  cable within the boom 
sha l l  be considered p a r t  of the  orb i te r  system. 
d )  Additional mechanical requi rements  fo r  scientific instru-  
ment  accommodation a r e  a s  specified in Sections 
3.5.1. 3 b )  through 3.5.1. 3 d). 
3.5.4.4 The rma l  Control Requirements  
The orb i te r  spacecraf t  shall  provide the rma l  control to  maintain 
t empera tu res  of a l l  internally mounted instruments ,  measured  a t  the 
mounting surface,  t o  between -40 and t50°c  nonoperating and between 
-20 and +40°c operating. 
3.5.4.5 Elec t r ica l  Requirements  
The orb i te r  shal l  be  capable of supplying to  the scientific instru-  
ments  a t  the i r  input connectors at l ea s t  40 watts of e lectr ical  power d u r -  
ing the interplanetary phase of the mission and at leas t  130 watts during 
the in-orbit  phase  a t  a voltage of t28  VDC *lo%. Other e lec t r ica l  requi re  
ments  fo r  scientific instrument  .accommodation a r e  a s  specified in 
Sections 3.2.2.2.3 b) through 3.2.2.2. 3 d). 
3.5.4.6 Timing and Reference Signal Requirements  
The timing and r e fe rence  signal requi rements  for  the orb i te r  a r e  
a s  specified fo r  the  bus in Section 3. 2. 2.2. 5. 
3.5.4. 7 Data Requirements  
a )  The bus shall  be capable of accepting da ta  f r o m  the 
scientific ins t ruments  in digital, analog, o r  bilevel 
s ta te  f o r m  and converting and arranging these  da ta  
in appropriate  te lemet ry  f o r m a t s  for t ime  multiplexed 
t ransmiss ion  to  earth.  
b) The  scientific da ta  acquisition r a t e  i s  a function of 
the spacecraf t  location in orbit. Baseline individual 
instrument  data  acquisition requi rements  a r e  defined 
in P V  1006. 02, "Scientific Instrument Requirements. " 
The  o rb i t e r  shall  be  capable of da ta  s torage  capacit ies 
and t ransmiss ion  r a t e s  which a r e  compatible with the 
complete recovery  of a l l  scientific data  collected 
during each orbit. 
c )  The orb i te r  shall  be capable of accepting analog data 
signals f r o m  scientific instruments  and converting 
them to  digital signals with an accuracy of 8 bits o r  
better.  
d )  A minimum of 30 bilevel s ta tus  bi ts  shall  be provided 
fo r  scientific instruments.  
3.5.4.8 Command Requirements  
The  orbi ter  shall  provide up to 75 commands f o r  scientific ins t ru-  
ments,  including an  on-off command for  each instrument  and a single com- 
mand to turn  off a l l  instruments  simultaneously. 
3.5.4. 9 Instrument Pointing 
The orbi ter  shall meet  the instrument pointing requirements  a s  
specified in PV 1006.02. "Scientific Instrument Requirements.  " 
3.5.4.10 Radio Frequency Occultation 
The spacecraft  shall  have the capability to p e r f o r m  a dual-frequency 
radio occultation experiment during the  init ial  ear th  occultation season 
af ter  a r r i v a l  a t  Venus. The frequencies shall  be S-band (the spacecraf t  
te lemetry  downlink) and X-band (an R F  sys t em to be added specifically 
and only for  the occultation experiment).  The  flight hardware required 
for  both l inks shall  be provided by the contractor.  Requirements for  this  
experiment a re :  
a )  The S- and X-band links shall  be capable of simultaneous 
operation. 
b)  The  two links shall  be  compatible with DSN capabilities. 
C )  Each link shall  be  receivable for  a tmospheric  refract ions 
of up to 10 degrees.  
d )  The period of occultation measurements  will normally be 
limited to  the f i r s t  40 days in orbit. 
e) The frequency relationship of the S- and X-band down- 
links shall  be  the p rec i se  ra t io  of 3/11 f o r  both coherent 
and noncoherent S-band communication modes. 
f )  The signal level  a t  the DSN rece iver  shall  be  -178 dBm 
o r  grea ter  for both links. 
g) The 64-meter  DSS antennas will be  used for  a l l  occulta- 
tion measurements .  
3 . 6  PERFORMANCE REQUIREMENTS 
3. 6. 1 Launch, .- .. . . Interplanetary Trajector ies ,  and Orbit  P a r a m e t e r s  ~- - 
3. 6. 1. 1 Probe Mission 
- . . . . -. .. .. 
3 .  6. 1.  i .  1 Trajectory 
--. . 
A Type I t r a j ec to ry  w i l l  be used for  the probe mission. 
3. 6. 1 .  1. 2 Launch Opportunity ~ .. . 
The 1978 opportunity shal l  be used as  a bas i s  for design of the probe 
miss ion  spacecraft .  The nominal launch and a r r i v a l  dates  a r e :  
Launch dates:  August 20 to  29, 1978 
Arr iva l  date: December 17, 1978 
2 Departure  vis  viva energy, C s 9.6 km / s e c  2 3 
Arr iva l  vis viva energy, C 5 25. 4 l an2 / sec  2 3 
3. 6.  1. 1. 3 Launch Vehicle and Interface 
-. - -. .- - 
The  design r e s t r a in t s  and interfaces  of the AtlasICentaur sha l l  be 
used a s  a bas i s  for the multi-probe spacecraf t  interface design. The 
launch vehicle interface shal l  be  a t  station 163.90 of the Centaur equip- 
ment  module. 
3.6.1.1.4 Spacecraft  Mass 
The  m a s s  of the multiprobe miss ion  payload a t  launch, including 
spacecraf t ,  adapter  and separat ion hardware,  expendables, and contingen- 
c ies  shal l  not exceed the allocations in Section 3.4.9.2.1. 
3.6. 1. 1 .5  Expendables 
The  expendables shal l  include sufficient propellant t o  pe r fo rm 
maneuvers  required in  Section 3.6.3.3.3.2. 
3.6. 1.2 Orbi te r  Mission 
3.6.1.2. 1 T ra j ec to ry  
A Type I1 t ra jec tory  (heliocentric t r ans fe r  angle > 180 deg) sha l l  be 
used a s  a bas i s  for design of the orb i te r  mi s s ion  spacecraft .  
3.6. 1.2.2 Launch Opportunity 
The  1978 opportunity shal l  be used a s  a bas is  for  design of the 
orb i te r  mission spacecraft .  The nominal launch and a r r i v a l  dates which 
define the 1978 Type I1 opportunity a re :  
Launch dates: May 26 to June 5, 1978 
Arr iva l  dates:  December 11 to 14, 1978 
2 Departure excess  energy: C3 5 19.795 k m  I s e c  2 
2 Ar r iva l  excess  energy: C3 5 10.966 km I s e c  2 
AV for  orbi t  insertion a t  Venus, AV = 954 * TBD m l s e c  
3.6. 1.2.3 Launch Vehicle and Interface 
The design r e s t r a in t s  and interface of the AtlasICentaur shall  be 
used a s  a bas is  for  the spacecraf t  design. The launch vehicle interface 
shal l  be a t  station 163.90 of the Centaur equipment module. 
3.6.1.2.4 Spacecraft  Mass 
The m a s s  of the o rb i t e r  miss ion  spacecraf t  a t  launch, including 
attach fitting, separation hardware,  spacecraft ,  experiments,  expenda- 
bles,  and contingencies shal l  not exceed the allocation given in Section 
3.4.9.2.2. 
3.6. 1.2.5 Expendables 
The expendables shal l  include sufficient propellant to pe r fo rm the 
maneuvers  required in  Section TBD. 
3.6. 1.3 Orbit  Charac ter i s t ics  and Operational Requirements 
3.6. 1 .3.1 Orbi ter  Mission Durat ion,  
The orb i te r  spacecraf t  shall  be designed for  a nominal mission life 
of 243 days in orbi t  about Venus af ter  launch and interplanetary t rans i t  a s  
specified in Section 3.6. 1.2. 
3.6.1.3.2 Planetary Approach 
The orb i te r  spacecraft  will be  targeted so  that the initial orb i t  
inclination will be 120 +1 degree  relat ive to  the heliocentric Venus orb i t  
plane and so  that the nominal per iaps is  latitude af te r  orb i t  inser t ion will 
be 45 degrees  south. The initial attitude a t  per iaps is  will be 400 * 100 km. 
3. 6. 1 .  3. 3 _Orbit Per iod 
The nominal orbi t  period shal l  be 24 hours.  The orb i te r  spacecraf t  
shall  be designed to be compatible with orbi t  periods ranging f r o m  - 20 t o  - 28 
hours.  
3. 6. 1 .  3. 4 Orbit Insertion 
The orb i te r  spacecraf t  shall include a solid rocket mo to r  to provide 
the velocity increment  for  orbi t  insertion. The spacecraf t  shal l  be designed 
s o  that i t  can be placed in the proper  attitude for  orbi t  insertion a t  l ea s t  
20 hours  p r io r  to  the actual rocket f i r ing and remain in that  attitude until 
20 -hours a f t e r  orbi t  insertion without permanent degradation of any space-  
c ra f t  equipment o r  scientific instruments.  
Capability shall  be provided to  load and s to re  redundant a rming  and 
redundant firing commands for the solid rocket motor  a t  any t ime between 
0. i and a t  l eas t  20 hours  p r io r  to the commanded firing time. Arming 
commands shal l  not be issued p r io r  to the acceptable fir ing window. Fir ing 
commands shal l  be issued within *20 seconds of the commanded t ime a s  
measured  f r o m  receipt of the original t ime increment  command via R F  link. 
The solid rocket motor  shal l  be  sized t o  provide an initial orbi t  period 
of 24 *i hour i f  the orb i te r  spacecraf t  a r r i v e s  with ze ro  position and velocity 
e r r o r s  a f te r  having used al l  of the propellant allocated for midcourse velocity 
adjustments p r io r  to  a r r i v a l  a t  Venus. 
3.6. I. 3. 5 Initial Orbit  Adjustment 
The orb i te r  spacecraf t  shall  be designed with operating modes select-  
able by ground command which permi t  adjustments of init ial  orbi t  period 
and per iapsis  altitude. Sufficient propellant capacity sha l l  be provided t o  
adjust spacecraf t  velocity by a t  l eas t  6 meters / second for  initial orbi t  
adjustment. The operating modes provided shall  permi t  even l a r g e r  velocity 
adjustments by using propellant allocated fo r  other functions (such a s  excess  
midcou r s e  propellant). 
3. 6. 1. 3.6 Pe r i aps i s  Altitude Control 
3. 6. 1. 3.6. i Basic Requirements 
The orb i te r  spacecraf t  shall be designed with operating modes select-  
able by ground command which permi t  periodic velocity adjustments to be 
made in o rde r  to maintain per iapsis  altitudes within the range of 200 to 
400 k m  throughout the nominal mission. Velocity adjustment capability 
equivalent to a t  l e a s t  44 meters / second applied tangentially to the orbit  
a t  apoapsis shal l  be provided. 
3. 6. 1. 3. 6. 2 Operational Flexibility 
The operating modes provided shall  permit  even l a r g e r  velocity 
adjustments by using propellants allocated for other functions. 
The operating modes provided shall  permit  velocity adjustments 
for periapsis altitude control on a m o r e  frequent basis  than i s  required 
to meet  the requirements  of Section 3.6. 1.3.6.1. As a goal, 50 addi- 
tional velocity adjustment maneuvers  shall  be possible without exceeding 
thrus ter  cold s t a r t  capabilities. 
The operating modes provided shall  permit  per iapsis  altitudes l e s s  
than 200 km to be achieved by appropriate ground commands. No propellant 
capacity shall  be required f o r  t h i s  function but use of propellant allocated 
fo r  other functions sha l l  be possible. 
3.6.2 Probe  and Bus Targeting and Entry Tra jec tor ies  
3.6.2.1 Large  P robe  
The multiprobe spacecraf t  shal l  have the capability for targeting the 
la rge  probe to enter the Venusian atmosphere on the daylight side of Venus 
not c loser  than 15 degrees  to the terminator and within *10 degrees  latitude 
of the subsolar t race .  
3.6.2.2 Small  P robes  
The multiprobe spacecraf t  shal l  have the capability for targeting the 
three smal l  probes to  en ter  the Venusian atmosphere a t  locations which 
satisfy the following requirements:  
a )  Two of the th ree  small probe entry locations shal l  be  
a t  lati tudes which differ in  absolute value by a t  l eas t  
30 degrees.  There  i s  no requirement for  entry into a 
specific hemisphere.  
b )  Two of the four probe entry locations shal l  have a longi- 
tudinal separat ion of a t  least  90 degrees.  There  i s  no 
requirement  for  small probe entry into the daylight side 
of the Venusian atmosphere.  
3.6.2.3 Bus 
-
The bus shall  be capable of being targeted to enter the atmosphere 
on the daylight s ide of Venus a t  a location where the entry flight-path angle 
i s  l e s s  steep than -25 degrees.  
3.6.2.4 Definition of Entry 
Unless otherwise specifically stated, entry a s  a d iscre te  event i s  
defined at the point when a probe o r  the bus reaches  a distance of 6250 krn 
f r o m  the center of Venus (altitude of 200 k m  above the assumed mean sur -  
face).  The t e r m  entry phase i s  used to descr ibe  events o r  the t ra jectory 
between "entry" a s  defined above, through the period of peak heating and 
acceleration, u r~ t i l  the vehicle velocity has  slowed to approximately 
Mach 1, at w!lich t ime the descent phase begins, continuing until the nomi- 
nal  end of the mission when the probe(s)  reaches  the surface of Venus at a 
radius  of 6050 km. 
3.6.2.5 Time of Ar r iva l  
The probe bus shall  provide fo r  adjustment of velocity pr ior  to and 
af ter  re lease  of each probe so  that probe and bus a r r i v a l  t ime m a y  be 
controlled by ground command. The la rge  and smal l  probe designs shall  
permit  separations in a r r i v a l  t ime ranging f r o m  0 to 30 minutes. The 
probe bus design shall  pe rmi t  i ts  a r r i v a l  to be  delayed up to 1.5 hours 
af ter  entry of the f i r s t  probe. The probe bus and probe designs shall  be 
compatible with targeting the probes fo r  simultaneous ar r iva l .  
3.6.2.6 Probe  Bus Design for  Entry 
As a goal, the probe bus shall  survive and maintain communications 
with the ear th until an altitude of about 130 k m  is reached. Fields  of view 
fo r  the bus scientific instruments shal l  m e e t  the requirements  of Section 
3.5.1 and the angle of attack shall  not exceed *10 degrees  between the 
altitude of 250 to 130 k m  (achieved by controlling spin axis attitude to the 
desired orientation p r io r  to  entry). The  bus shall  be spinning a t  a ra te  of 
60 * 1 r p m  a t  entry.  No other requirements  shall  be imposed to improve 
the probability of bus survival pas t  entry. 
3.6.2.7 Probe  Entry Angle Constraints 
3.6.2.7.1 Large P robe  
The la rge  probe shal l  be designed for safe entry and successful  
completion of i t s  miss ion  when the flight path angle at en t ry  i s  between 
-34.5 and -40.5 degrees  relative to loca l  horizontal a t  entry. 
3.6.2.7.2 Small  P robe  
Each sma l l  probe sha l l  be designed for  safe entry and successful 
completion of i t s  miss ion  when the flight path angle a t  en t ry  i s  between 
-15 and -60 degrees  relat ive to  local  horizontal a t  entry. 
3.6.2.8 Probe  Entry Velocity Constraints 
3.6.2.8.1 Large  P r o b e  
The la rge  probe shal l  be designed fo r  entry a t  any velocity (relative 
to Venus) between 11.2 and 11.34 km p e r  second. 
3.6.2.8.2 Small  Probe  
Each small probe shal l  be  designed for entry at any velocity (relative 
to Venus) between 11.2 and 11.34 km p e r  second. 
3.6.2.9 Descent Time and Science Exposure Time 
3.6.2.9.1 Large  P r o b e  
The hypersonic ball ist ic coefficient of the la rge  probe shall, for the 
entry flight path angles and velocities specified in Sections 3.6.2.8 and 
3.6.2.9 cause the la rge  probe to decelerate  to subsonic velocities by the 
t ime it reaches  approximately 70 k m  above the mean sur face  for  the Venus 
model  a tmosphere specified i n  Section 3.4.10.6. Between 7 1.7 and 69.2 km, 
the parachute dece lera tor  shall  be  deployed, and viewing and sampling 
science instruments  shal l  be exposed. The subsonic ball ist ic coefficient 
of the probe parachute shal l  cause the descent capsule to  descend a t  r a t e s  
which sha l l  not exceed l imits  specified in F igure  3.6-1. The descent 
capsule shall  remain  on the parachute until i t  has  descended to an  altitude 
in the range f r o m  48 to 40 km, at which time the parachute shal l  be jetti- 
soned. The subsonic ball ist ic coefficient of the descent capsule shall  pro- 
vide a te rminal  descent velocity which shall  not exceed the l imits  specified 
in  F igure  3.6-1. Lower descent r a t e s  may  be provided but the probe shall  
ACTUAL 
TBD 
0 10 20 30 40 50 60 70 
ALTITUDE ABOVE MEAN SURFACE (R = 6050 KM) OF VENUS (KM) 
Figure 3 . 6 - 1 .  Large Probe Descent Rate Requirements 
be  capable of successful  operation until  i t  reaches  a radius  of 6050 k m  at 
the minimum probable (30) descent ra tes .  
3.6.2.9.2 Small  Probes 
F o r  the range of entry flight path angles and velocities specified in 
Sections 3.6.2.8 and 3.6.2.9, the smal l  probes  shal l  decelerate  to a Mach 
number of 1.6 o r  l e s s  by the t ime they reach  an altitude of 67.0 km. The 
(common) hypersonic ball ist ic coefficient of the sma l l  probes shall  be com- 
patible with this requirement.  Deployment of sma l l  probe science instru-  
ments  shall  be initiated by a t i m e r  a t  a fixed (and common) t ime delay 
af ter  the probe has  encountered a 50 g level. Because of the different 
entry flight path angles, the science deployment altitude corresponding to 
this t ime delay will  be different fo r  the th ree  sma l l  probes.  The t ime 
delay shal l  be selected so that deployment occur s  above an altitude of 
67 k m  and below a Mach number of 1.6. The subsonic ball ist ic coefficient 
of the sma l l  probes shal l  provide a te rminal  descent velocity which shal l  
not exceed the l imi ts  specified in F igure  3.6-2. The total  descent t ime 
f r o m  entry to impact may  be increased but the sma l l  probe shall  be capable 
of successful  operation until  they reach  a radius  of 6050 km a t  the minimum 
probable (3u) descent r a t e s .  
3.6.2. 10 Targeting Constraints  on Ear th  Communication Angle 
3.6.2.10.1 Large P robe  
The la rge  probe shal l  be designed to provide adequate antenna gain 
to mee t  the communications requirements  of Section 3.6. 4. 11 during descent 
for  any entry and descent t ra jec tory  which m e e t s  the  requirements  of 
Sections 3.6.2.8. 1 and 3.6.2.9.1 and which a lso  sat isf ies  the requirement  
that the angle between the ea r th  line and the local  ver t ical  through nominal 
impact point of the la rge  probe (in the absence of winds) does not exceed 
55 degrees.  In designing to meet  this  requirement ,  the effects of init ial  
angle of attack a t  entry,  and attitude disturbances due to  staging shall  be 
separately accounted for in determining the  total  communications angle 
between the la rge  probe axis  of symmetry and the ea r th  line. 
3.6.2.10.2 Small  Probe  
Each sma l l  probe shal l  be  designed to  provide adequate antenna gain 
to  meet  the dommunications requirements  of Section 3.6. 5.  11 during descent 
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Figure 3 . 6 - 2 .  Smal l  P r o b e  Descent Rate  Requirements  
for  any entry and descent trajectory which meets the requirements of 
Sections 3.6.2.8.2.and 3.6.2.9.2 and which also satisfies the requirement 
that the angle between the earth line and the local vertical through the 
nominal impact point of that small probe (in the absence of winds) does not 
exceed 55 degrees. In desinging to meet this requirement, the effects of 
initial angle of attack at  entry and attitude disturbances due to the effects 
of exposing the scientific instruments shall be separately accounted for in 
determining the total communications angle between the small probe axis 
of symmetry and the earth line. 
3.6.2.10. 3 Probe Bus 
The probe bus shall be designed to meet the entry communications 
requirements of Section 3.6.3.5 for entry trajectories whichmeet the require- 
ments of Section 3.6.2.4 and for which the bus/earth line at entry i s  within 
25 degrees of the velocity vector at  entry. In designing to meet this 
requirement, the effects of uncertainties in spin axis orientation due to 
attitude control subsystem e r ro r s  shall be separately accounted for in 
determining antenna requirements. 
3. 6.2. 11 Probe F ree  Flight Between Separation and Entry 
3.6.2. 11.1 Separation Tables 
The large probe and the probe bus shall be designed to be compatible 
with separation 25 * 3 days prior to large probe entry. Each small probe 
and the probe bus shall be designed to be compatible with separation of 
that small probe 17 *5  days before entry of that probe. 
3.6.2. 11.2 Range of Solar Aspect During Probe F r e e  Flight 
For the 1978 probe mission, targeting the large probe so that entry 
angles and velocities a r e  within the ranges specified in Sections 3.6.2.5.1 
and 3.6.2.6.1, so that the nominal earth communication angles of 55 
degrees (see Section 3.6.2.8) a r e  not exceeded, and so  that entry will 
occur with the probe at zero nominal angle of attack, will result in release 
of the large probe in a nominal attitude such that the solar aspect angle i s  
TBD degree at release and changes to - 72* 1 degree at  entry. The large 
probe, and in particular, i ts  thermal control subsystem shall be compati- 
ble with the above ranges of solar aspect angles during free flight. 
Similarly,  the range of nominal so la r  aspect  angles of any part icular  
sma l l  probe a t  re lease  is between TBD and TBD degrees  and the range of 
nominal solar  aspect  angles for any part icular  sma l l  probe a t  entry is 
between TBD and TBD degrees.  Each sma l l  probe and in par t icular  its 
the rma l  control subsystem shall  be compatible with the above ranges of 
solar  aspect  angles during f ree  flight. 
3 . 6 . 2 .  12 Probe  Angle of Attack a t  Entry 
Uncertainties (pr imar i ly  due to  tracking e r r o r s )  in bus position and 
velocity relative to Venus when the probes a r e  released will resul t  in  
variations in flight path angle f rom the planned value and this then will 
resu l t  in uncertainties in probe angle of attack a t  entry. The probes shal l  
be designed to be compatible with angle of attack variations a t  en t ry  due t o  
flight path uncertainty within the following l imits :  
Maximum contribution 
to  angle of attack e r r o r  due 
to  en t ry  angle uncertainties 
(deg, 3u) 
Large Probe  
Small  Probe  
Each probe will be released in an  attitude intended to  provide ze ro  
angle of a t tack a t  entry.  In addition to  the above variations which may  
occur in  angle of attack a t  entry, each probe shal l  b e  compatible with 
angle of a t tack variations resulting f r o m  separat ion dynamics a s  specified 
in  Section 3 . 3 . 6  and with angle of attack variations resulting f rom effects 
of the environment (such a s  solar  p r e s s u r e )  on the probe attitude during 
f r e e  flight af ter  re lease  and pr ior  to  entry.  
3.  6 .  3  Probe Bus Performance Requirements 
3 .  6 .  3. 1 Structural  Requirements 
3. 6 .  3 .  1.  i General Requirements 
The probe bus s t ructure subsystem shal l  provide for the support and 
alignment of the other probe bus subsystem equipment, the probe bus 
scientific instruments,  one large probe, and three sma l l  probes. 
3. 6. 3. 1. 2 Compatibility 
The probe bus s t ruc ture  sha l l  be compatible with the Atlas Centaur 
launch vehicle a s  specified in Section 3.  2.1 ,  with the probes as  specified 
in  Section 3. 3, and with the scientific instruments a s  specified in Section 3 .  5 .  
3. 6. 3. 1. 3 Alignment 
Provis ion sha l l  be provided fo r  initial alignment of attitude senso r s ,  
communication antennas, attitude control and AV th rus t e r s ,  and scientific 
instruments  to  a common spacecraf t  datum. The init ial  alignment and 
subsequent alignment stability throughout the mission (except during launch) 
sha l l  be adequate for  the spacecraf t  to meet the requirements  of Sections 
3. 6. 3. 3., 3.6. 3. 4, and the scientific instrument pointing requirements  of 
P V  1006.02. 
3.  6. 3. 1. 4 Rigidity 
The stlu c tu ra l  rigidity of the spacecraf t  sha l l  be in accordance with the 
requirements  of Section 3. 4. 9. 5. 
3. 6. 3. 1. 5 Vibration Amplification 
The vibration amplification in the vicinity of the scientific instruments  
on the probe bus shal l  not exceed the ra t ios  given in Table  3.6- 1. Vibra- 
tion amplification is defined a s  the rat io  of the accelerat ion experienced 
at the point of in te res t  to  the input acceleration due to p r imary  loads du r -  
ing powered flight a t  the mechanical  interface between the launch vehicle 
and the spacecraft .  
3.6. 3. 4.6 Weight, Balance, and Iner t ia  
The probe bus s t ruc ture  sha l l  be designed s o  a s  to  permit  mounting of 
subsystems,  scientific instruments ,  and the probes in position to insure 
proper  weight, balance, and ine r t i a l  charac te r i s t ics  compatible with a l l  space-  
c ra f t  subsystems,  the scientific instrument  scan requirements ,  probe r e l ease  
dynamics,  and launch vehicle payload restraints .  
3.6. 3.1. 7 P r i m a r y  Loads 
The probe bus s t ruc ture ,  including a l l  appendages sha l l  withstand the 
pr imary  loads specified below without incurring any damage. 
Table 3.6- 1. Maximum Vibration Amplification a t  Probe 
Bus Scientific Instrument Mounting 
Locations 
Vibration Axis Frequency (Hz)  Ratio 
Thrust 10  to 30 4 
Lateral  
Torsional (same a s  la teral)  
Note: Amplification, ratios on the equipment compartment side 
panels in the 30 to 100 Hz range in  the thrus t  axis and the 
1 to 100 Hz range in the la te ra l  and tors ional  axes may 
exceed the listed values within narrowband frequency 
ranges. The bandwidths wherein the ratios may exceed 
'the listed values shal l  be less  than 0. 2 t ime the center  
band frequency. 
a )  Handling and shipping loads in  accordance with 
Section 3.4.10.1. 
b )  Aerodynamic loads encountered during spin balance 
operations a s  required in  Section 4.0. 
C )  Probe  separation loads encountered during the separation 
t e s t s  a s  required i? Section 4.0 
d )  Loads due to s t ructural  and acoustic excitation during 
launch a s  specified in P V  1006.04. 
3.6.3.1.8 Engineering Telemetry 
The condition of a l l  deployable appendages (stowed or  deployed), of 
the launch vehicle/spacecraft  interface (attached o r  separated)  of sma l l  
probe thermal  covers  (attached o r  separated) ,  and of each probe (attached 
o r  separated) shall  be contained in the engineering te lemetry data. 
3.6.3.1.9 Provisions for  Ground Handling 
At least  t h ree  hard points shal l  be  provided on the probe bus s t ruc-  
tu re  for attachment of handling, measuring, and shipping equipment. In 
addition, access shall be provided so that any probe may be removed and 
replaced at  CKAFS using suitable ground handling equipment a s  required 
in Section 3.4.12. 
3.6.3.2 Electrical Power Subsystem 
3.6.3.2. 1 Description 
The probe bus electrical power subsystem shall consist of a solar 
array,  power controls, a battery, fault protection devices, regulators, 
converters, and power cabling. 
3.6.3.2.2 Capability 
The electrical power subsystem shall have the capability of distribut- 
ing the design power to the probe bus subsystem and scientific instruments 
as  required, converting and regulating the voltage a s  required, and pro- 
tecting the subsystem, other subsystems, and the scientific instruments 
from momentary o r  prolonged overloads or  undervoltage conditions. The 
electrical power subsystem shall also provide power for probe checkout 
to meet the requirements of Section 3. 3.6. 
3.6.3.2.3 Design Power 
The electrical power subsystem shall provide power for full normal 
operation of al l  spacecraft subsystems required to perform simultaneously 
and continuously the following functions: 
a )  Provide downlink communication modulated with telemetry 
data and with the R F  power amplifier a t  design power 
(which may be switched a s  a function of communication 
range). 
b) Provide uplink communication including command 
processing, storage, and execution, and with the 
capability of selecting either receiver at any time. 
C )  Process data for telemetry including write-in or 
read-out data from the DSU. 
d) Supply signals to the scientific instruments. 
e) Convert, regulate, and distribute power f rom the battery 
or  solar a r ray  to the spacecraft subsystems a s  necessary. 
f )  Reorient the spacecraft using the open-loop attitude 
control modes and including the necessary power for 
the precession thruster heaters and the thruster fuel 
heaters, but excluding transient power required by the 
fuel valves. 
g) Perform velocity corrections including the necessary 
power for the precession thruster heaters and the 
thruster-fuel heaters but excluding transient power 
required by the fuel valves. 
h) Provide power to the scientific instruments as  required 
in P V  1006.02. 
The solar a r ray  shall be sized to provide the design power for al l  
nominal spacecraft cruise attitudes a s  specified in Section 3.6.3.3.2. 
The battery may be used to supplement the solar a r ray  output when off- 
nominal maneuver attitudes a r e  required. 
The electrical power subsystem shall be capable of providing ade- 
quate electrical power so that the spacecraft can be processed to any 
nominal maneuver attitude, remain there for - 5 hours, and precess back 
to cruise attitude without exceeding 50 percent depth of discharge on the 
battery. The scientific instruments may be operated at  reduced power 
throughout the maneuver sequence in order to meet this requirement. 
3.6.3.2.4 Power Bus Voltage Regulation 
The electrical power subsystem shall automatically control the 
power bus voltage to 28 VDC f 2 percent except during power switching 
transients. Regulation shall be achieved by shunting a r ray  power in 
excess of load requirements o r  by discharging the battery through a 
regulator when load power exceeds the a r ray  capability. Power for using 
bus subsystems shall be further conditioned by the electrical power sub- 
system to provide voltages other than 28 VDC. 
3.6.3.2.5 Overload Protection 
If at any time the load exceeds the power source capability then a 
portion of the load shall be disconnected, preferably in the following steps 
with suitable delays between steps: 
a )  All scientific instruments and/or probe loads 
b) All switched loads except the S-band transmitter amplifiers 
c )  S-band transmitter amplifiers 
The overload sha l l  be sensed  by a d rop  in power bus voltage below 2 8  VDC 
*2 percent  and sha l l  include delay circui ts  to  prevent inadvertent functioning 
due to momentary t ransients .  The capability to  over r ide  the overload pro- 
tection by ground command sha l l  be provided. 
3 . 6 .  3. 2 . 6  Fusing of Circui ts  for Scientific Instrument  Power 
The probe bus sha l l  provide an individually fused branch circui t  fo r  
each scientific instrument.  The fuses  fo r  the scientific instruments  sha l l  
be  located in  a module sepa ra t e  from probe bus subsystem fuses  and sha l l  
be easi ly  accessible  for  replacement.  Fuse  sizing sha l l  be in accordance 
with P V  1006.02 and sha l l  be subject t o  approval by ARCIPPO. 
3 . 6 . 3 . 2 . 7  Probe Power 
The probe bus sha l l  be capable of supplying power to the large probe 
and s m a l l  probes through fault protected c i rcu i t s  in o r d e r  to  meet  the r e -  
quirements of Section 3. 3. 6. Con t ro l  of power f rom the probe bus to the 
probes sha l l  be by ground command. 
3 . 6 .  3.  3  Probe Bus Attitude Control 
3 .6 .  3.  3. 1 Description 
The attitude control  subsystem consis ts  of e lectronic  control  assemblies ,  
sensors ,  th rus te rs  fuel  tanks,  fuel  lines, hea te rs  (if required) ,  and ins t ru-  
ments for  measuring the subsystem performance. In addition to  performing 
the functions required for attitude control, this subsystem hardware sha l l  
a l so  be used to  implement the velocity control  capability required in 
Section 3 .  6 .  3. 4. 
3 . 6 .  3.  3.  2 Control Capability 
The attitude control  subsystem sha l l  be the capability for 
a )  Adjusting the ini t ia l  spin r a t e  a f te r  separat ion f rom a nominal 
2 rpm counterclockwise (viewed f r o m  in  front  of the nose of the 
- 
launch vehicle) to  the nominal c ru i se  spin r a t e  of 4. 8 rpm. 
b )  Adjusting intermittently the spin r a t e  by ground command during 
the nominal flight profile to  c o r r e c t  f o r  the effects of t h rus t e r  
misalignment and other  sources  of dis turbance torque. A capa- 
bility for adjusting the spin speed during the mission by a t  least  
20 rpm sha l l  be provided. 
c )  Precess ing  the spin axis intermittently by ground command during 
the nominal interplanetary flight profile in o r d e r  to  maintain spin 
axis pointing in the des i red  attitudes relative to  the e a r t h  and sun. 
A capability to  p recess  the spin axis a t  l eas t  500 deg rees  sha l l  be 
provided to meet  this requirement.  
d )  Changing the attitude of the spacecraf t  by ground command to that  
required to perform the number of midcourse velocity cor rec t ions  
necessary  to  achieve a r r i v a l  in the vicinity of Venus at  the des i r ed  
t ime and a t  the des i red  position and velocity and to  provide velocity 
correct ions for  probe targeting and to control  bus en t ry  position 
and time. A precessional  capability of a t  least  500 degrees  
sha l l  be provided to meet  this requirement.  Capability sha l l  be 
provided to p recess  to any iner t ia l  attitude with the sun in  the 
forward hemisphere and up t o  95 degrees  f rom the forward spin 
axis ,  except that  accurate  pointing is not required for  attitudes 
with the sun within 1 0  degrees  of the forward spin axis.  
e )  Adjusting the spacecraf t  velocity by f i r ing one o r  more  of the 
attitude control  t h rus t e r s  in o r d e r  to  meet  the requirements  
of Section 3 .  6. 3 .  4 .  
3 .  6 .  3 .  3 . 3  Hardware Design 
3 .  6 .  3 .  3 .  3 .  1 Thrus t e r s  
A total  of a t  l eas t  eight attitude and velocity control  t h rus t e r s  sha l l  be 
provided and mounted on the spacecraf t  s t ruc tu re  with the i r  th rus t  direct ions 
a s  indicated in F igure  3 . 6 - 3 .  Control modes shall  be provided, selectable on 
ground command, such that  any single th rus t e r  can be operated on command, 
o r  any pair of t h rus t e r s  whose thrus t  vectors  lie in the s a m e  nominal plane 
can  be selected to  operate simultaneously. Thrus t e r s  sha l l  be located so  a s  
to  achieve minimum interference o r  degradation of other  subsystems or 
instruments.  
3 .  6 .  3 .  3 .  3 .  2  Propel lant  Capacity 
The design sha l l  provide for  sufficient propellant capacity to  mee t  the 
spin r a t e  and precess ion  requirements  of Section 3 .  6. 3 .  3 . 2  and the velocity 
adjustment requirements  of Section 3.  6 .  3 .  4 and the propellant required to  
mee t  each separa te  requirement  sha l l  be added r a the r  than statist ically com- 
bined with the o thers  i n  o r d e r  to  determine the to ta l  propellant requirement .  
Total  propellant capacity sha l l  include allowances f o r  propellant leakage during 
the nominal flight profile, for  in-flight th rus te r  cal ibrat ion a s  required, and 
fo r  contingency. 
Figure 3 . 6 - 3 .  Attitude and Velocity Control Thruster Arrangement 
3. 6. 3. 3.3.  3 Sensors  
Optical s enso r s  used to  initiate t h r u s t e r  action s h a l l  be completely 
redundant and sha l l  be capable of providing operation at  sun look angles 
between 1 0  and 1 1 0  degrees  f rom the forward  spin axis.  The s e n s o r s  sha l l  
be designed s o  a s  to prevent tr iggering by other than the selected stimulus. 
If the design requi res  more  than a single s e n s o r  o r  a single source  for  
s enso r  stimulation during the mission profile, i t  sha l l  be possible to select  
the appropriate s enso r  source  by ground command. All  photo st imulated 
sources  sha l l  have adequate protection f rom the environments specified in 
PC 310.02. 
Commands sha l l  be provided a s  neces sa ry  f o r  the activation of any 
protective devices  and the status of each  protective device sha l l  be indicated 
i n  the te lemet ry  data. 
3.6.3. 3. 3.4 Safety 
Tanks, l ines,  fittings, valves, t h r u s t e r s ,  and other  components of 
the propulsion s y s t e m  shal l  meet  applicable safety  requirements  of: 
a )  The General  Safety P lan  of the Kennedy Space Center  as  specified 
in  Attachment A to KMI 1710. 3 .  
b )  The Range Safety Manual of the AFETR a s  specified i n  AFETRM 
127-1. 
c )  Any other applicable federal ,  s ta te ,  o r  local  regulations. 
3. 6. 3. 3. 3. 5 Fi l l IDra in  
The subsystem sha l l  be designed to  permi t  filling and draining the 
propellant and pressuran t  f rom the ex t e r io r  of the spacecraf t .  
3. 6.3. 3.3. 6 Valves 
Thrus t e r  valves sha l l  have redundancy for  open and c losure  action. 
3. 6.3. 3. 3.7 Leak Tes t  
The propulsion assembly sha l l  be  designed to provide the capability 
for  performing suitable and adequate leak tes ts .  
3. 6. 3.3. 3. 8 Propel lant  F reez ing  
If neces sa ry  because of propellant charac te r i s t ics  and constra ints  by 
other  spacecraf t  subsys tems ,  the design sha l l  incorporate  means to prevent 
the propellant f r o m  solidifying o r  to  liquify the propellant a f te r  solidification 
by turning heaters  on by ground command. Where the la t ter  option is 
selected,  i t  sha l l  be possible to liquify the propellant within 120 hours 
af ter  commanding the hea ters  on following a n  unlimited t ime in  which the 
hea ters  were  off. 
3 . 6 . 3 .  3 .  4 Thrust Control 
Operation. The attitude control subsystem sha l l  have a t  least  two 
modes of operation fo r  each t h r u s t e r  o r  th rus te r  pair. 
Short  Pulse. A single pulse of sho r t  duration for each ground command 
w i t h  a different command fo r  each  direct ion of thrust .  This capability may be 
achieved in combination with the extended thrust  capability by loading the 
appropriate  extended-thrust  r eg i s t e r  with only a sho r t  t ime fo r  thrusting. 
Extended Thrust.  A th rus t  of variable duration. In this mode of 
operation, it shal l  be possible to se lec t  by ground command: 
a )  A t ime delay between receipt of the thrus t  enable s ignal  and the 
thrus t  execute f rom 0 to a t  l ea s t  120 minutes in  two-minute 
increments .  
b )  The duration of th rus t  f rom 0 to  about 2000 seconds in increments  
of about 1 second. 
The information necessary  to effect capabilities (a )  and (b) sha l l  be contained 
in a n  on-board s torage reg is te r .  It sha l l  be possible to se lec t  by ground 
command the r eg i s t e r  for  subsequent en t ry  of information. The reg is te r  sha l l  
remain  enabled only for  the next s e r i e s  of commands that a r e  identified as 
"s tore"  commands and sufficient to f i l l  the reg is te r ,  o r  until another reg is te r  
is selected.  Thereaf te r ,  the  r eg i s t e r  sha l l  accept no additional data  until 
reselected.  The reg is te r  sha l l  be loaded with quantitative commands f rom the 
ground having octal  numbers  corresponding to  the selected t ime delay and 
thrus t  duration. The octal  numbers  Eor the quantitative commands sha l l  not 
exceed 177 .  The extended t h r u s t  sha l l  be enabled by a s ignal  f rom the 
attitude-control open-loop s e r i e s  mode a t  the completion of the f i r s t  precession 
sequence. A ground command sha l l  be available which, upon receipt by the 
spacecraf t ,  will  inhibit continuation of the extended thrust .  A ground 
command sha l l  be available to subsequently over r ide  the inhibit command 
and continue with the thrust .  
Resolution. The th rus t  level and t ime unit durat ion sha l l  be s ized to 
be compatible with other  spacecraf t  subsys tems ,  injection e r r .o rs ,  and the 
required capability of the system.  
Cross The system sha l l  effect a minimum coupling with spin 
ra te  such that  the second sequence of the open-loop s e r i e s  precession can be 
made to the accuracy  specified in Section 3.6. 3. 3.8, and s o  that any change 
in spin ra te  will  not adversely affect the  operation of other  spacecraf t  systems.  
3.6. 3. 3. 5 Spin Rate 
The spacecraf t  contractor  sha l l  s e l ec t  the nominal spin r a t e  (subject 
to  approval by the ARCJPPO if outside the range of 4 - to 12 rpm), s o  a s  t o  
optimize ox~era l l  performance f rom the standpoint of spin axis d r i f t ,  frequency 
of attitude adjustment to  maintain attitude, propellant requirements ,  and 
wobble damping requirements .  
3.6. 3. 3.6 Spin Control  
The level and durat ion of th rus t  used to  spin o r  despin the spacecraf t  by 
ground command during the mission sha l lbe  such a s  to permi t  controlling the 
spin ra te  to a t  l eas t  *0. 05 rpm. 
3. 6. 3. 3.7 Spacecraf t  Dynamics 
3.6. 3. 3.7.1 Wobble 
The precession control  system sha l l  be designed to  minimize wobble a s  
a resu l t  of a symmet r i c  iner t ia  o r  adverse  effects of synchronous conditions of 
wobble and thrust .  
3. 6. 3. 3. 7. 2 Wobble Damping 
The spacecraf t  sha l l  be designed t o  dampwobble inducedf romasymmetr i -  
caldeployment of appendages, f romprobe  deployment, f r o m  separa t ionf rom 
the launchvehicle a s  specif iedin PV1006.04, f r o m  on-boardchanges inangular  
momentumcaused by spacecraf t  subsystems o r  the inst ruments  a s  specified 
in PC324.00, and f r o m  spin, despin, precession and AVthrust effects. The 
damping r a t e  and the selected precession s t e p  s i z e  shal l  be adequate to  mee t  
the requirements  for  accuracy  of the AV t h rus t  direction, post-injection or ien-  
tation, in-flight p recess ion  calibration, and  attitude determination. 
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3. 6. 3. 3. 8  Attitude Control and Stability 
3 . 6 . 3 . 3 . 8 .  1 Capability 
The spacecraf t  shal l  have the capability which provides for  control 
and which allows the determination of spacecraft  attitude throughout the 
mission, with accurac ies  which satisfy the spacecraft  sys t em requirements  
for  the mission and the pointing requirements  of the scientific instruments 
a s  specified in Section 3 . 2 . 2 . 2 . 8 .  
3 . 6 . 3 . 3 . 8 . 2  Stability 
Attitude stability sha l l  b e  achieved through the gyroscopic effect 
f r o m  spinning the spacecraf t  about the axis with the l a rges t  moment of 
inertia. 
3 . 6 . 3 . 3 . 8 . 3  Attitude Control 
The spacecraf t  sha l l  be  capable of maintaining attitude control  while 
performing the in-flight maneuvers  required, including velocity change, 
spin r a t e  control and precession. 
3 . 6 . 3 . 3 . 8 . 4  Damping 
The t ime constant fo r  damping the spacecraf t  wobble shall  be con- 
servatively consistent with the mission operation t imeline,  but in no case  
g rea te r  than 1 hour. The threshold for  damping shal l  be l e s s  than 0. 1 
degree. 
3 . 6 . 3 . 3 . 8 . 5  Drift 
-
The allowable dr i f t  of the spacecraf t  spin axis resulting f rom solar  
radiation p r e s s u r e  shal l  be such that attitude correct ion maneuvers ,  a s  
required to maintain n o r m a l  spacecraf t  operations, a r e  required no m o r e  
frequently than once per  week. 
3 . 6 . 3 . 3 . 8 . 6  Spin Rate 
The  spacecraf t  spin r a t e  shall  be controllable by ground command. 
The spin r a t e  during the bus en t ry  phase shall  be approximately 60 rpm. 
Spin r a t e  control accuracy shal l  be within I percent  of the desired value. 
Telemetry  shal l  contain information to permi t  determining the spin r a t e  to 
an accuracy of a t  leas t  0.1 percent.  
3. 6.3.3.8.7 Roll Position Reference 
The spacecraft shall provide a roll position reference signal, with 
each spacecraft revolution, for use by the scientific instruments. This 
signal shall be such a s  to allow each instrument to control its internal 
operations and reference its data to an inertial pointing position to an 
accuracy of 1 degree or  better in the spacecraft spin plane. Telemetry 
shall contain information to permit relating the time of the roll position 
reference signal to any bit with the bit stream. 
3.6.3.3.8.8 Attitude Data Acquisition Time 
The time for the spacecraft to obtain and telemeter the measure- 
ments necessary to determine the spacecraft attitude to the accuracy limits 
specified herein for the scientific instruments and a s  required for space- 
craft operations shall not exceed 1 hour. 
3.6.3.3.8.9 Positionable Platforms and Aesemblies 
The orientation of any positionable spacecraft platforms and assem- 
blies, with respect to the spacecraft reference axes, shall be continuously 
determinable whenever such platforms and assemblies a r e  in active 
operation. 
3.6.3.3.9 Propulsion 
The spacecraft shall have the capability for thrust and torque 
impulses to perform precession of spin axis, velocity changes, and spin 
control a s  required for mission accomplishment. Sufficient propellant 
shall be provided to accommodate the maximum system leakage and to 
perform the required mission maneuvers with reserves for 99.5 percent 
probability, considering launch vehicle performance and orbit determina- 
tion e r ro r s  specified in P V  1006.04 plus spacecraft execution e r rors .  
Propellant leakage shall not exceed 0.1 pound (0.0045 km) per year. 
3.6.3.4 Velocity Control 
3.6.3.4. 1 Description 
The hardware used to implement the spacecraft velocity control 
functions is  included a s  part  of the attitude control subsystem a s  specified 
in Section 3.6.3.3. 
3.6.3.4.2 Capability 
The attitude control subsystem shall  have the capability for  adjusting 
spacecraft  velocity a t  any t ime f rom five days a f te r  launch until termination 
of the nominal mission (bus entry into the Venus atmosphere) .  Capability 
shall  be provided to  make velocity adjustments a t  l eas t  once every 2 days 
in o rde r  to co r rec t  for  the injection e r r o r s  induced by the launch vehicle 
a s  specified in  PV 1006.04 to cor rec t  for velocity e r r o r s  introduced by the 
spacecraf t  sys tems themselves at the t ime of velocity adjustments, and to 
achieve probe deployment with velocity, position, and timing accuracies  
consistent with probe en t ry  conditions a s  required in Sections 3.6.4 
and 3.6.5. 
No spacecraf t  capability shall  be required to  c o r r e c t  for e r r o r s  in 
tracking data a t  the  t ime of velocity correct ion beyond that inherently pro-  
vided by the attitude control  and thruster  firing capabili t ies required in 
Section 3.6.3.3 and the total  velocity change capabilities required in  
Section 3.6.3.4.3. 
3.6.3.4.3 Propellant Capacity 
The  design sha l l  provide for sufiicient propellant capacity to permit  
the spacecraf t  velocity to be  adjusted by a t  leas t  2 m e t e r s l s e c  pr ior  to 
re lease  of any probes,  to be  adjusted by an  equivalent of - 30 m e t e r s l s e c  
after la rge  probe r e l ease ,  and to adjust the  bus velocity by - 30 m e t e r s l s e c  
after a l l  probes have been released. 
3.6.3.5 Probe  Bus Communication Subsystem 
3.6.3.5. 1 Description 
The  communication subsystem consis ts  of r ece ive r s ,  t ransmi t te r  
d r ive r s ,  power amplif iers ,  switches, f i l te rs ,  diplexers ,  antennas, asso-  
ciated coaxial l ines,  hybrid couplers,  and instrumentation to measure  
performance. 
3.6.3.5.2 Compatibility 
The communication subsystem shall  be  compatible with other 
spacecraft  subsystems,  and the DSN a s  specified in  PV 1006.03. 
3. 6. 3. 5. 3 Capability 
The communications subsys tem shal l  have the capability to: 
a )  Radiate a noncoherent R F  signal to  enable radio acquisition of 
the spacecraf t  by the DSIF. After  acquisition of an uplink signal, 
es tabl ish and maintain phase coherent  t ransmiss ion  with the signal 
received f r o m  the DSIF for  purposes of measur ing  two-way doppler 
shift .  The t r ans fe r  f r o m  noncoherent to coherent  operation, and 
vice ve r sa ,  shal l  occur  automatically and shal l  be controlled by  
slgnal p resen t  detection c i rcu i t ry  within the spacecraf t  rece ivers .  
The subsys tem shal l  a l so  have the capability of t ransmit t ing in the 
noncoherent mode, while receiving an uplink signal, when so  
directed by ground command. 
b )  Receive commands t ransmi t ted  f rom the DSIF 
c )  Te lemeter  to  the DSIF scientific and engineering data a s  generated 
by the data subsys tem 
d )  Transmi t  and receive continuously f r o m  before  liftoff through the 
nominal miss ion  profile. ! 
3.6.3.5.4 Subsystem Design 
3.6.  3.5.4 .  i Redundancy 
- 
The communication subsys tem shal l  be designed with maximum redun- 
dancy within the overa l l  constra ints  of the spacecraf t  and miss ion  prof i le .  
As  a minimum, the subsys tem shal l  have two t r ansmi t t e r  d r ivers ,  two power 
amplif iers ,  and two rece ivers .  
3 . 6 .  3. 5 .  4. 2 Switching . 
The communication subsys tem shal l  be designed to  p e r m i t  selecting 
by ground command e i ther  of the t r ansmi t t e r  sys tems  and each  t r ansmi t t e r -  
antenna configuration that i s  required to m e e t  the downlink per formance  
requirements .  The rece iver  shal l  be selectable  by frequency address .  The 
subsys tem shal l  be designed to provide the capability of receiving with the 
spacecraf t  in any attitude even in the event of a fa i lu re  of e i ther  receiver .  
If th is .  requirement  necess i ta tes  automatic switching of the omni sys t em a l t e r -  
native f r o m  one rece iver  to  the other,  the switching shal l  occur  no l e s s  o r  
m o r e  frequently than once eve ry  30 to  50 hours  and only if nei ther  r ece ive r  
h a s  had a signal p re sen t  indication during the period.  The per iod sha l l  
r e s t a r t  whenever the s ignal-present  indicator in both r ece ive r s  disappears .  
It shal l  be possible to  inhibit and r e s t o r e  the automatic switching capability 
by  ground command. 
. . 
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3. 6. 3. 5. 4. 3 . Switch% . - . -- . Performance  - - 
The switching ha rdware  shal l  contain sufficient f i l tering s o  that  the 
power of spurious f requencies ,  including c a r r i e r  harmonics ,  shal l  bc m o r e  
than 40 db below the level  of the unmodulated c a r r i e r  a s  measured  at  the 
input to any antenna of the system.  
3. 6. 3. 5. 5 Receiver  ~ Design -. ~ 
3. 6. 3. 5. 5. 1 Type 
The r e c e i v e r s  sha l l  be of the phase-lock-loop type and shall  be dcsigned 
to  minimize uplink acquisition t ime. 
3. 6. 3. 5. 5. 2 Frequency  
-- 
The r ece ive r s  sha l l  be designed to operate  a t  any frequency between 
2110 and 2120 MHz by means  of c rys ta l  selection.  The frequency of each of 
the redundant r ece ive r s  sha l l  be different. Within the l imits  of stabil i ty and 
t empera tu re  effects ,  the " res t"  o r  acquisition frequency of each rece iver  
shal l  be the s a m e  a t  a l l  t imes .  See specification P V  1006.03 for  specific 
frequency allocation. 
3.  6. 3. 5. 5. 3 Warm Up 
---
The rece ive r s  sha l l  be  designed to  min imize  the t ime  to reach the final  
operating frequency a f t e r  power is  applied to the rece iver  consistent with 
other  requirements .  As a goal, the t ime should not exceed 15 minutes. 
3. 6. 3. 5.  5. 4 Frequency  Stability 
With no s ignal  a t  the rece iver  input t e rmina l s  and during any 10-hour 
period, the best  lock frequency shal l  not deviate m o r e  than 10 kHz f o r  a 
0 
t empera tu re  change f r o m  30 to 90 F. 
3. 6. 3. 5. 5. 5 Dr~nodulat ion 
The r ece ive r s  sha l l  be designed to demodulate a FSK/PM signal and 
supply the FSK tones to the command decoder  input. The frequency of the 
FSK tones shal l  be 204. 8 and 128. 0 Hz. The modulation index of the received 
R F  signal i s  specified in P V  1006.03. 
3. 6. 3. 5. 5 .  6 Bandwidth 
The rece iver  bandwidth and phase-lock-loop charac te r i s t ics  sha l l  be 
compatible with the command-information t ransmiss ion  requiremt3nts,  a s  
specified in  PV1006.03, the doppler shift, and the r a t e  of doppler shift result ing 
f r o m  the miss ion  t ra jec tor ies  a f te r  launch, and until the probe bus reaches  
an altitude of i lO  k m  above the mean sur face  of Venus ( sur face  assumed a t  
R = 6050 km). 
3.6. 3. 5. 5. 7 Automatic Acquisition 
Automatic acquisition techniques that change the r ece ive r  VCO r e s t  
frequency when the rece iver  is  not in lock sha l l  not be incorporated in the 
design. 
3. 6. 3. 5. 5. 8 Control  of Transmi t te r  Frequency 
Each command rece iver  shal l  b e  capable of controlling the output 
frequency of e i ther  t ransmi t te r  d r ive r  a t  any t ime  a rece iver  i s  locked to  an 
uplink signal (coherent mode). This control  frequency shal l  b e  such that the 
t r ansmi t t e r  d r ive r  S-band output frequency i s  p rec i se ly  240/221 t imes  the 
received uplink frequency. The change to rece iver  control  of the t ransmit ted 
frequency shal l  b e  automatic and shal l  be controlled by the presence,  o r  
lack of, a received signal. It shall  be possible to  inhibit and r e s to re  the 
coherent  mode of operation by ground command. 
3. 6. 3. 5. 6 T ransmi t t e r  Design (Transmi t te r  Dr ive r  plus Power Amplif ier)  .- - 
3. 6. 3.5. 6. I Frequency  
Operation. The t ransmi t te r  shal l  be designed to operate  a t  any 
frequency between 2290 and 23GO MHz. See specification PC 322. 00 for  
specific frequency allocation. 
Control. The t ransmi t te r  frequency shal l  be controlled by a crysta l -  
controlled osci l la tor  during periods when nei ther  rece iver  is  being 
addressed  o r  when the "frequency control  by rece iver"  operating mode h a s  
been inhibited by ground command. When the "frequency control  by receiver"  
mode i s  operating (coherent operation), the output of the crystal-controlled 
osci l la tor  sha l l  be disabled. 
Shor t -Term Frequency Stability. When the tempera ture  and supply 
voltage for  the spacecraf t  t ransmi t te r  a r e  steady and during noncoherent 
operation, the peak-to-peak frequency deviation within the 10 successive 
one-minute t ime  per iods shal l  be l e s s  than 0. Hz for  a 114-second integra-  
tion t ime. 
Long-Term Frequency Stability. During noncoherent operation and 
any 10-hour period, the t r ansmi t t e r  frequency shall not vary more  than 
10 - kHz for  a tempera ture  change f rom 30 to 9 0 O ~ .  
Phase  Stability. When operating with a phase coherent  tes t  rece iver  
and a t e s t  t ransmi t te r  having the charac te r i s t ics  specified below, the space- 
c ra f t  transponder and power amplifier shall  meet  the following requirements:  
a )  In the coherent mode under strong uplink signal conditions, the 
phase stability of the unmodulated c a r r i e r  measured  a t  the out- 
put of the t r ansmi t t e r  d r i v e r  shall cause no m o r e  than - 2 .  8 
deg rees  r m s  o r  8. 4 degrees  peak phase e r r o r .  
-
b)  In the noncoherent mode, the phase stability of the unmodulated 
c a r r i e r  measured  a t  the output of the t r ansmi t t e r  d r ive r  shall 
cause no m o r e  than - 3.  6 degrees  rms  o r  10. degrees  peak 
phase e r r o r .  
c )  The power amplif ier  sha l l  add no more  than - 3 degrees  r m s  
phase e r r o r  to the above values. 
The t e s t  rece iver  sha l l  have a s t rong signal double side bandwidth (2BL) of 
12 H z  o r  l e s s  and a high frequency cutoff of 1 kHz o r  more .  The tes t  t rans-  
m i t t e r  and rece iver  sha l l  have a self - tes t  mode to es tabl ish their  contribution 
to the measured  phase e r r o r ;  the contribution shal l  be l e s s  than 10 degrees  
r m s .  The phase e r r o r  a t t r ibuted to the spacecraft  sha l l  be  calculated by the 
root- sum- square  method. 
3.  6 .  3. 5. 6. 2 Power Amplifier 
As a minimum, the power output f r o m  each ampl i f ie r  sha l l  be the same,  
single, nominal value and sufficient to mee t  the performance requirements  
specified herein.  
3.  6. 3. 5. 6. 3 Modulation Index 
The modulation index sha l l  be adjustable between 0. 5 and i. 2 radians by 
minor  changes of components in the t ransmi t te r  dr iver .  The flight value 
selected for the modulation index sha l l  be within this range, sha l l  be adjusted 
p r io r  to acceptance testing of the t ransmit ter  dr iver ,  and shal l  remain within 
*0. 10 radians of the selected value. The value of the modulation index 
selected i s  subject to approval by the ARCfPPO. 
3. 6.  3. 5. 7 Probe Bus Antenna 
3.  6. 3. 5 .  7 ,  1 Performance  
The antenna subsys tem shall  be designed to  mee t  the communication 
performance requirements  specified below (gain, directionality, etc. ) and 
operate  a t  the frequencies specified i n  Sections 3. 6. 3. 5. 5 .  2 and 3 .  6.  3. 5 .  6 .  1. 
3. 6. 3. 5. 7. 2 Polarization 
The polarization of the omni antennas and the bus medium gain antenna 
f o r  both t ransmi t  and receive signals shal l  be  c i rcu la r  (RHCP). 
3 .  6. 3. 5 .  7. 3 Beamwidth 
The beamwidth of the medium gain antenna shal l  be 24 degrees  a s  
measured a t  :he - 3 db points. 
3. 6. 3. 5 7 .  4 Omni Coverage 
The omni antenna coverage with interconnection to  the two available 
r ece ive r s  sha l l  have a compatible pat tern with effective gains a s  follows: 
Minimum Effective Gain 
( dbi ) 
Ear th  Aspect Angles 
(deg) 
0- i 80  
O t l 6 0  
3. 6. 3. 5. 8 Per formance  - Uplink 
The uplink sys t em shal l  be capable of receiving commands for  the 
conditions specified below and for  the modulation index a s  specified in 
P V  1006.03 with a bit e r r o r  probability no g r e a t e r  than a s  measu red  
a t  the  output of the spacecraf t  command detection equipment. 
3 . 6 .  3. 5. 8. i Powered Fl ight  
There  i s  no requirement  for uplink communication capability during 
powered flight. 
3. 6. 3. 5. 8. 2 Post-Launch 
The spacec ra f t  sha l l  be capable of receiving a signal having a total 
power density a t  the spacecraf t  of -45 dbm p e r  square  m e t e r  when in any 
. attitude relative to the spacecraf t lear th  l ine during the post-launch portion 
of the mission a f t e r  separation f r o m  the launch vehicle. 
3. 6. 3 .  5. 8.  3 Flight 
During the nominal flight mission,  the probe bus shal l  be capable of 
receiving a signal having the total power density given below for  the d i rec-  
tions indicated: 
Power Density 
(dbm p e r  square  m e t e r )  
- 108 
TBD 
Ear th  Aspect  
(deg) 
0 to  180 (omni) 
180 * 13 (medium gain) 
3. 6. 3. 5. 9 Pe r fo rmance  - Downlink 
~ . .- .- 
-2  
The f r a m e  (word) deletion r a t e  shal l  be s 10 . 
3. 6. 3. 5. 9. 1 Powered Flight 
T BD 
3. 6. 3. 5. 9. 1 Flight 
During the nominal flight miss ion  a f te r  separation f r o m  the launch 
vehicle, the spacec ra f t  sha l l  be capable of transmitt ing not l e s s  than the 
following total E I R P  in thedirect ions  indicated: 
Total  E I R P  
(dbm) 
Ea r th  Aspect  Angle 
Idee) 
0 to  180 ( f i r s t  80 days)  
180f 13 ( f i r s t  80 days)  
0 to 180 (> 80 days)  
180*13 ( > a 0  days)  
3. 6. 3. 5 .  10 Telemet ry  Data 
Te lemet ry  data f r o m  the spacecraf t  sha l l  contain information about: 
a )  The s ta tus  of the communication subsystem such a s  switch 
position and signal p re sen t  in e i ther  r ece ive r  
b) Pe r fo rmance  of the communication subsys tem such a s  temper-  
a t u r e s  of c r i t i ca l  components, rece iver  signal strength and 
s ta t ic  phase e r r o r ,  and power amplif ier  voltages, cur ren ts ,  
and output power. 
3 .  6. 3 .  6 Probe  Bus Data Subsystem 
3. 6. 3. 6. 1 Description 
The data subsys tem consis ts  of a digital  te lemetry unit (DTU). 
3 .  6 .  3. 6. L Capability 
The data subsystem sha l l  provide the capability for :  
a) Supplying, a s  required,  timing and operational signals to the 
scicntific and engineering inst ruments  on the spacecraf t .  
b )  Sampling these inst ruments  
c )  Conditioning and quantizing the data and arranging them into 
formats  suitable for  fur ther  processing 
d )  Coding the data  and processing them into a fo rm suitable f o r  
modulating the doua link R F  c a r r i e r  
3. 6. 3.6. 3 DTU Design 
3 . 6 . 3 . 6 . 3 .  i Redundancy 
The data subsys tem sha l l  have redundancy of c r i t i ca l  c i rcu i t s  and 
functions. 
3. 6. 3.  6. 3 .  2 Operation 
The DTU sha l l  be designed to operate in the modes and bit r a t e s  and to 
format  the data in the manner  specified hereinaf ter .  At t u rn  on, the DTU 
sha l l  operate  in the r e a l  t ime mode a t  512 b i t s / sec ,  in F o r m a t  C (see Section 
3. 6. 3 .6.6) .  and i n  the coded mode. 
3.6. 3. 6. 3. 3 Bit Rate 
'The DTU sha l l  be designed to operate  a t  data  bit r a t e s  of 2048, 1024, 512, 
256, 128, 64, 32, and 1 6  b i t s f sec ,  The bit  ra te  sha l l  be selectable by ground 
command and sha l l  be independent of f o r m a t  and mode. 
3. 6. 3.  6. 3. 4 Signals and Timing Frequencies  
Thc DTU sha l l  supply the signals to the scientif ic ins t ruments  as  specified 
in spacecraf t /sc ient i f ic  ins t ruments  interface document, PC324.  00. The DTU 
sha l l  generate  t iming signals f o r  use  by the spacec ra f t  subsystems and 
scientif ic ins t ruments .  The clock source  for  these timing signals shal l  
have a frequency of 3 2 . 7 6 8  kHz o r  g rea t e r .  
3 .  6 .  3 .  6 .  3 .  5 Word Gates 
The DTU sha l l  be designed to have a capability of supplying up to  
20 d i sc re t e  word ga tes ,  each of some multiple of 3  bits long, to the 
scientif ic ins t ruments  for  use  when sampling measurements  f o r  the science 
fo rma t s ,  F o r m a t s  A and B (see  Section 3. 6 .  3 .  6 . 6 ) .  The shape and t ime of 
occur rence  of the leading and t ra i l ing edge of each  word gate s ignal  sha l l  be 
such that  the s ignal  amplitude during the period of an  "extended word gate" 
formed by combining one or  more  adjoining d i sc re t e  word gates  sha l l  be 
within the tolerances  for  a discre te  word gate.  The DTU sha l l  a l so  be 
designed to have a capability of supplying 20 d i sc re te  word gates ,  each 
6  bits long, to  the scientific ins t ruments  f o r  use when sampling measu re -  
ments  for  the subcommutated science formats .  It sha l l  be possible to  supply 
the s ignal  for  each  word gate specified above to two scientif ic ins t ruments  
simultaneously;  the second inst rument  wil l  use  the gate a s  a timing s ignal  
only and there  will  be no readout of t e lemet ry  data f rom the second inst ru-  
ment during the word gate. 
3 .  6 .  3 .  6 .  3 .  6  Input Signals 
The DTU sha l l  be capable of processing analog, digital, and s teady-  
s t a t e  signals f rom scientif ic ins t ruments  and spacecraf t  subsystems.  
3 . 6 . 3 .  6 .3 .7  Analog Data 
The DTU sha l l  provide for  the analog-to-digital conversion of arialog 
data (0  to 3 volts range)  to  s ix  bits resolution. 
3 .  6 .  3.  6 .  3 .  8  Data Conditioning 
Data conditioning sha l l  be provided f o r  the spacec ra f t  and scientif ic 
ins t rument  data. Data conditioning sha l l  include encoding, con- 
vers ion,  commutation, multiplexing, and synchronizing. As a goal, 
fixed word and data word bits that a r e  used a s  s ta tus  indicators sha l l  be of 
a positlve logic s o  that  a "logical  one" signifies a condition or function that 
is  on o r  operating normally and a "logical  zero"  signifies a condition that i s  
off o r  not normal.  Also a s  a goal,, engineering measurements  sha l l  be con- W 
dltioned for  te lemeter ing such that the digital  value of the te lemet ry  word wil l  
i nc rease  fo r :  
a )  An increase  in the absolute value of the measurement  f o r  those 
not passing through ze ro  
b )  An increase  in  the a lgebraic  value of the measurement  for  those 
passing through z e r o  
3 .  6 .  3 . 6 .  3 .  9 Output 
The output of the DTU sha l l  be  two s ignals  with a capability f o r  input to  
e i t he r  t r ansmi t t e r  d r iver .  The format  of the s ignal  sha l l  be non-return- to-  
ze ro  level  (NRZ-L).  The data output of the DTU sha l l  be a biphase modulated 
square  wave with a frequency of 32.768 kHz *O.  02 percent.  The variation in 
the average t ime  period of these square  waves sha l l  be less  than 0. 5 percent  
( shor t  t e r m  phase stabil i ty).  
3 .  6 .  3 .  6 .  3 .  10 Signal Buffering 
Output s ignal  and data l ines f r o m  the DTU sha l l  be adequately buffered 
within the DTU such that  a n  open c i rcu i t  o r  sho r t  c i rcu i t  fa i lure  of any given 
output line ex te rna l  to  the DTU sha l l  not r e su l t  i n  the loss  of other  s ignal  o r  
data lines. 
3 . 6 .  3 . 6 .  3 .  11 F o r m a t  Rearrangement  
The DTU sha l l  be  designed to  provide the capability of rear ranging  the 
word allocation i n  the scientif ic f o r m a t  (Section 3. 6 .  3. 6 .  6 .  3 )  by patchboard 
o r  other  suitable means s o  a s  not to  require  redesigning of, changing per -  
manent wiring in, adding o r  removing modules f rom,  o r  removing any com- 
ponents f r o m  the s t ruc tu re  of the DTU. This provision wil l  be  used in  the 
event of a change in  a scientif ic instrument.  
3. 6.3. 6 . 4  Convolutional Encoder  Design 
3 . 6 .  3 .  6 . 4 . 1  Operation 
The data subsys tem sha l l  provide for  the convolutional coding of the 
data bit  s t r e a m  t ransmi t ted  by the spacecraf t .  The spacecraf t  sha l l  be 
capable of operating in  e i ther  the coded mode o r  the uncoded mode. Mode 
select ion sha l l  be controllable by ground command. The data subsystem 
sha l l  automatically operate  in the coded mode upon application of e l ec t r i ca l  
power to  the spacecraf t .  
3 .  6. 3. 6. 4. 2  Encoder Pa r i t y  Bits 
When the data  subsys tem i s  operating in  the coded mode, the encoder 
sha l l  replace each data bit  generated by the data sys t em with two parity bits ,  
P and Q. The value of each parity bit sha l l  be based on the values of 32  
selected data bits  previously generated. The selected data bi ts  for P a r e  
1, 3, 5, 6 ,  8,  9, 10, 12, 14, 15 ,  17 ,  18, 19 ,  20, 22, 23, 24, 25, 26, 28, 
29, 30, and 32,  and the selected data bits  for  Q a r e  1, 2, 3,  5, 6 ,  8 ,  9, 10 ,  
12 ,  1 4 ,  15, 17,  1 8 ,  19, 20, 22, 23, 24, 25, 26, 28, 29, 30, and 32,  in y~h ich  
bit 1 r e f e r s  to the mos t  recent ly  generated data  bit. Each  parity bit sha l l  be 
a logical  "one" if t h e r e  a r e  an odd number of "ones"  in the selected data bits  
and a logical  "zero"  otherwise.  'The encoding cycle begins a t  the end of the 
l a s t  b i t  of each f r a m e  synchronization word a t  which t ime each stage of the 
sh i f t  r eg i s t e r  containing the value of the previously t ransmi t ted  32 data bits  
and the 33rd flip-flop used to  generate the code a r e  r e s e t  to a logical "zero."  
F o r  the main  f r a m e s  containing formats  D1 through D8, the coder  sha l l  r e s e t  
every  384 bits ,  f o r  a l l  o ther  formats  the r e s e t  sha l l  occur  every  192 bits. 
3 .6 .3 .6 .  5  Modes of Operation 
The data  subsys tem sha l l  be capable of operation in  the modes specified 
below, each  of which can  be selected by ground command. A change in the 
mode of operation,  by ground command o r  by automatic means on board the 
spacecraf t ,  sha l l  be  synchronous with the s t a r t  of the  next main f rame.  Mode 
identification sha l l  be included in every te lemetered  main f r ame  except those 
containing data in  F o r m a t  D. The bit a r rangement  f o r  the mode identification 
word s h a l l  be  a s  follows: 
Real  t ime 
Telemetry s t o r e  
Memory readout 
Redundant DTU-A on 
Redundant DTU-B on 
F i r s t  Las t  
Bit Bit 
- - 
0 0 X 
1 0 Not applicable o r  
0 1 X I required on probe bus 
where X denotes a binary one or zero.  
3 .6 .3 .6 .5 .1  Real  Time Mode 
In this  mode scientific and engineering data sha l l  be t ransmit ted without 
intermediate s torage,  a t  the bit ra te  and format  selected by ground command. 
3.6. 3.6. 5 .  2 Telemetry Storage Mode 
(This mode i s  not used on the probe bus mission. ) In this mode, data 
sha l l  be s tored  a t  any of the bit ra tes  selected by ground command and may be 
in excess  of the r e a l  t ime ground station te lemetry receiving capability. Con- 
secutive f r ames  of data sha l l  be simultaneously t ransmi t ted  and read into 
s torage on a 100 percent duty cycle basis.  When the te lemetry s tore  mode i s  
terminated by ground command, o r  when the memory i s  filled, the data system 
s h a l l  automatically switch to  the r e a l  t ime mode in t h e  for mat  and bit ra te  used 
during the te lemetry s to re  mcide. 
3. 6.3.6. 5 .3  Memory Readout 
(This mode i s  not used on the probe bus mission)  In this mode, scientific 
and engineering data sha l l  be read out f rom the DSU a t  a bit ra te  selected by 
ground command. When memory readout i s  completed, the data sys tem shal l  
automatically switch to  the r e a l  t ime mode and the f a r  ma t  used before memory 
readout, and remain in  the bit ra te  used during memory readout. 
3.  6. 3.6.6 Data Forma t s  
3.6. 3.6.6. 1 General 
The data subsystem shal l  have the capability of te lemeter ing various 
a r rangements  o r  "formats"  of scientific and engineering data. The fo rma t  
being used sha l l  be selectable  by ground command and sha l l  be independent 
of bit ra te  and mode 3: .,p-ration. F o r m a t  changes sha l l  take place immedi -  
ately upon receipt  by the spacecraf t  of the appropriate command. F r a m e  
and word synchronization sha l l  be maintained during format  changes. Allo- 
cation and a r rangement  of scientif ic and engineering data  in each format  
sha l l  be subject  to approval  of the  ARC/PPO. It sha l l  be possible to  t r ansmi t  
the formats  a t  one o r  more  of the following rates :  
a )  "Main f r a m e "  r a t e  i n  which each bit of the complete format  i s  
t ransmi t ted  sequentially and a t  the bit r a t e  being used. 
b )  "Subcommutated" r a t e  in which only one word a t  a t ime  is t r a n s -  
mitted in  a main f rame.  
3.6. 3 .6 .6 .2  Common Charac te r i s t ics  
The length of each  data fo rma t  sha l l  be 192 bits .  In addition, cer ta in  
charac te r i s t ics  a r e  common to  a l l  data  formats  descr ibed he re in  when t r a n s -  
mitted as  a main f r a m e  (s tandard f o r m a t )  except the spec ia l  fo rmat ,  identified 
a s  F o r m a t  D. These cha rac t e r i s t i c s  a r e  a s  follows: 
a )  Bits 1 through 6 of each  format  shal l  contain a 6-bit word identifying 
the operation mode and bit r a t e  being used. 
b) Bits 7 through 24 of each format  sha l l  contain an 18-bit w o r d o f  fixed 
sequence for  f r a m e  identification. The sequence sha l l  be 
111100110101000000 
in which the "1" i s  the f i r s t  bit  transmitted.  
C )  Bits 97 through 101 sha l l  contain a 5-bit word identifying the fo rma t  
being used. 
d )  Bits 102 through 108 sha l l  contain a 7-bit  word identifying the f r a m e  
count and the engineering and science subcommutated words.  
e )  Bits 109 through 114 sha l l  contain a 6-bi t  word subcommutated f rom 
one of the engineering formats ,  identified as  F o r m a t  C1 through C4. 
The subcommutated word will  cycle sequentially through a l l  four  
F o r m a t  C ' s  a t  a l l  t imes .  
f )  B i t s  115 through 120 sha l l  contain a 6-bit  word subcommutated f rom 
the science fo rma t  identified a s  F o r m a t  E. 
3.6.  3. 6.6. 3 Science Forma t s  (Formats  A and B) 
Two science formats  shal l  be available. The selected fo rma t  sha l l  be 
te lemetered a s  a main f r a m e  only. The word length i s  3 bits. Forty-eight 
such words sha l l  be available for  scientific measurements .  The input s igna l  
f o r  each of these words sha l l  be digital only. 
3.6.  3 . 6 . 6 . 4  Special F o r m a t  (Format  D )  
In this format ,  a l l  192  bits sha l l  be allocated to a single scientif ic 
ins t rument  o r  other 'ata source and the selected inst rument  wil l  supply da ta  
on a single input channel. The particular source supplying data  to this format  
sha l l  be selected by ground command and provision sha l l  be made for  selecting 
up to  eight different sources .  One of the eight formats  provided sha l l  be 
a r ranged  to accept data f rom two sou rces  with the f i r s t 2 4  bits  allocated to  one 
source  and the remaining 168 bits to the second. The format  sha l l  be te le -  
metered  only a t  the main f r a m e  rate ,  only in combination with the selected 
science format  (A o r  B), and shal l  a l ternate  with the science format .  The 
input sha l l  be digital  data oniy. Identification of the 'part icular source  supply- 
ing data to this format  sha l l  appear i n  the 5-bit fo rmat  identification word in  
the science format.  
3.6. 3. 6. 6. 5 Engineering Forma t  (Fo rma t  C )  
Four  engineering fo rma t s  sha l l  be available. The length of the words i n  
these fo rma t s  sha l l  be e i ther  1 bit in  groups of s ix  bi ts  f o r  accepting a s  input 
signals bilevel status data;  o r  6 bits f o r  accepting a s  input s ignals  analog o r  
digital  data f rom the spacecraf t  instrumentation. The mos t  significant bit 
sha l l  be t ransmit ted f i r s t .  Where possible, the allocation of words in each 
format  sha l l  be such that they contain engineering measurements  associated 
with the following subsystems:  
a )  Fo rma t  C1: data subsystem 
b )  F o r m a t  C2: spacecraf t  e l ec t r i ca l  power subsystem 
c )  F o r m a t  C3: spacecraf t  communication subsystem 
d )  Fo rma t  C4: spacecraf t  orientation and propulsion subsystems 
The four  formats  sha l l  be te lemetered sequentially a t  a l l  t imes in the 
subcommutated engineering word of the main f rame.  In addition, it sha l l  
be possible to te lemeter  a s  a main f r ame  any of the four  formats  alone o r  
a l l  four in combination. When s o  transmitted,  data bits 1 through 2 4  and 
97 through 1 2 0  in each fo rma t  sha l l  be inhibited so  a s  not to interfere  with 
the fixed words of main f r ame  data. Because of this requirement,  these 
inhibited bits should be allocated to those types of data that change infrequently. 
3.  6. 3.6.6.6 Subcommutated Sc ienceForma t s  (Format  E )  
Two subcommutated science fo rma t s  sha l l  be available. The length of 
the words in  these formats  s h a l l  be ei ther  1 bit in groups of six bits for  accept- 
ing a s  input signals bilevel s ta tus  bits;  o r  6 bits for  accepting a s  input signals 
analog o r  digi ta l  data f rom the scientific instruments.  The two formats  sha l l  
be  te lemetered  sequentially a t  a l l  t imes  and only in the subcommutated science 
word of the main f rame.  
3. 6 .  3. 6.  7 F r a m e  Identification 
It s h a l l  be possible to  identify unambiguously the f r a m e  count up to 8192. 
The seven  leas t  significant bits  of the f r ame  counter appear in bits 102 through 
108 of the main frame.  The s ix  most  significant bits of the f r ame  counter 
(extended f r a m e  counter)  sha l l  appear  in one word of the engineering format.  
The f r a m e  counter sha l l  increase  by unity for each t ransmiss ion  of a main 
f r ame  containing the common (fixed) words.  
3.6. 3.6. 8 Telemetry Data 
In addition t o  containing data a s  specified, the te lemet ry  data sha l l  contain 
information about: 
a)  The s t a tus  of the data  subsystem such a s  which unit of a redundant 
subassembly i s  being used. 
b )  The performance of the data subsystem such a s  tempera ture  of the 
units and A-D converter  calibration. 
3 . 6 .  3 . 7  Command Subsystem 
3. 6.  3 .7 .  1 Description 
?'he command subsystem consis ts  of two decoders  (DDU) and a command 
distribution unit (CDU). 
3 .  6 .  3 . 7 .  2 Capability 
The command subsystem sha l l  provide the capability for controlling 
the operating modes of the spacecraf t  equipment, scientific instruments,  
and probes f rom information received by means  of R F  t ransmiss ion  to the 
spacecraf t  and f r o m  signals generated on board a t  d i sc re t e  events. The 
capability shal l  exis t  during ground tes t s ,  on-stand activit ies before launch, 
during the nominal flight profile, and a s  long a s  possible during the post- 
encounter mission profile consistent with the performance of other space- 
c raf t  subsystems. 
3 . 6 . 3 . 7 .  3  Subsystem Design 
3 . 6 . 3 .  7 .  3 . 1  Spurious Commands 
The command subsystem sha l l  be designed s o  that  voltage fluctuations, 
noise f rom the rece ivers ,  voltage t ransients ,  o r  no rma l  signals generated 
by spacecraf t  equipment and scientific instruments  will not resu l t  i n  the execu- 
tiox:& an(fihncommanded change in operating mode of the equipment and 
insui&*&is. 
3 . 6 . 3 . 7 .  3 . 2  Commands Using R F  Information 
The command subsystem sha l l  be designed to  accomplish the following 
functions upon receipt  of information in the R F  t ransmiss ion  t o  the spacecraft:  
a )  Turning power on and off individually to each spacecraf t  assembly 
a s  required,  to  four probes,  and to a t  l eas t  five scientific ins t ru-  
ments. Turning power on to the probes and in s t rumen t s  sha l l  be 
by command only and sha l l  not occur  a s  a resu l t  of any other 
changes in spacecraf t  operating modes o r  e l ec t r i ca l  power transients.  
b )  Turning power off to  a l l  scientific instruments  simultaneously. 
C )  Switching between redundant equipment with the exception of the 
spacecraf t  rece ivers  and decoders .  
d )  Switching between the various operational modes of the communi- 
cations and data subsystems.  
e )  Switching between the operational modes of the scientific instruments.  
At leas t  50 d iscre te  commands sha l l  be provided to accomplish this  
function. 
f )  Controlling the operation of the attitude control  subsystem. 
g )  Loading qualitative and quantitative commands into on-board 
s torage units for  la te r  execution. 
3.6. 3.7. 3 .  3 Commands Using On-Board Events 
The command subsystem sha l l  be designed to provide signals to  the 
spacecraf t  equipment to  per form the functions a t  the event t ime as  follows: 
a )  Initiation of despin between spacecraf t / launch vehicle separat ion 
and shortly af ter  emergence of spacecraf t  f rom e a r t h  shadow. 
b)  Deployment of appendages and the like upon reduction of spin rate  
to  an acceptable level. 
c )  Turnoff of appropriate  subsystems when load reduction i s  required 
by the e l ec t r i ca l  power subsystem. 
d )  Operational changes a s  required and a t  t imes  a s  directed by 
information in command storage.  
Back-up ground commands s h a l l  be available for  i t ems  ( a )  and (b). I tems 
(a)  and (b) a r e  not required fo r  the probe bus but may be implemented a s  
capabilities to  maintain commonality with the orbi ter .  
3. 6.3.7.3.4 Stored Commands 
The command subsystem sha l l  have the capability of being programmed 
by ground command to s to re  a t  l eas t  s ix  spacecraf t  commands for  execution 
a t  a la te r  t ime and to s to re  the t ime delays between sequence enable and 
sequence execution and between each command of the sequence. It sha l l  be 
possible to provide for each of the delay periods,  a t ime of a t  least  1 2 9 , 6 0 0  
seconds to  a resolution of a t  l eas t  2 seconds. 
I t  sha l l  be possible to se lec t  b i  ground command in  any o r d e r  any of the 
r eg i s t e r  t r ip le t s  used to s t o r e  the commands (discrete  or s e r i a l )  and the co r -  
responding lower o r d e r  and higher o rde r  delay t imes .  Each  reg is te r  tr ipplet  
s h a l l  remain  enabled only for  the next th ree  commands received by the space-  
c raf t  that  a r e  identified a s  s to re  commands, o r  until another r eg i s t e r  i s  
selected.  Thereaf ter ,  the r eg i s t e r  sha l l  accept no fur ther  data until reselected.  
A single ground command sha l l  be available t o  s e t  a l l  r eg i s t e r s  to zero.  Also 
a l l  r eg i s t e r s  sha l l  be s e t  to z e r o  when power i s  applied, including a f te r  momen- 
t a r y  power outages, to s tored  command electronics .  
3.6.3.7.  3. 5 Command Number 
Where possible, the octal  number  of 200 o r  g r e a t e r  shal l  be  used in 
identifying a l l  c r i t i ca l  commands such a s :  
a )  Turnoff of power amplif ier  
b )  Initiation of s to red  command sequences in  the orientation,  propulsion, 
o r  command subsys tems  
c )  Initiation of on-board ordnance devices 
d )  Changes to operating modes f rom which it i s  impossible  to  r e tu rn  
The octal  number  000 sha l l  not be used for  any d i sc re t e  command. 
3 .6 .3 .7 .3 .6  Command Message 
The command message  and command equipment sha l l  tie designed such 
that  the probability execution of a n  e r roneous  command message  (with a bit 
e r r o r  ra te  of sha l l  be no g rea t e r  than 1.1 X i ~ - ~ .  The message  sha l l  
a l so  contain the capability for  select ing e i ther  of the two decoders  and for  
identifying whether the command is to  be implemented immediately upon 
receipt  by the spacecraf t  ( r e a l  t ime  command) o r  i s  to be s to red  ( s to re  
command). 
3 .6 .3 .7 .3 .7  Command B i t R a t e  
The command bit  ra te  wil l  be  i bit/second a s  generated by the DSN. 
3.6. 3.7.4 DDU Design 
3 .6 .3 .7 .4 .1  Redundancy 
Two DDU's sha l l  be provided with the capability of select ive operat ion 
by ground command. 
3. 6 .  3 .  7. 4. 2 Operation 
The DDU's sha l l  be e i t he r  automatically switched to the receiver  that is 
i n  lock, o r  each  DDU sha l l  be connected to both r ece ive r s  a t  a l l  t imes .  The 
DDU's sha l l  accept  the digital  tone outputs f r o m  e i ther  command rece iver  
and sha l l  accept  only those command words satisfying the command word 
format .  
3.  6. 3. 7 . 4 .  3  Fa i lu re s  
The DDU's sha l l  be connected to the r ece ive r s  i n  a fail-safe mode. 
Fa i lu re  of the squelch c i rcu i t  of one r ece ive r ,  s o  that  noise f rom that recciver  
is presen t  a t  the input to both DDU's, sha l l  not prevent e i ther  DDU f rom proc- 
ess ing  command s ignals  received f rom the o ther  rece iver .  
3 .  6 . 3 . 7 .  5 CDU Design 
3. 6. 3. 7. 5 .  1 Operation 
The CDU sha l l  be  designed to accept  signals f rom the DDU, process  them, 
and supply pulse, level, o r  s e r i a l  s ignals  to spacecraf t  equipment, probes,  and 
scientif ic ins t ruments .  
3 .  6 .  3 ,  7 .  5 .  2 Capacity 
The CDU sha l l  be designed to accommodate the number  of commands 
requi red  by the spaceccaf t  equipment, four  probes and five scientific ins t ruments .  
3.6. 3 .7 .6  Te lemet ry  Data 
3 . 6 .  3 . 7 . 6 .  1 Status and Per formance  
Telemet ry  data f r o m  the spacecraf t  sha l l  contain information about: 
a) The subsys tem s t a tu s  such ' a s  a n  indication of a s igna l  i n  e i ther  
decoder  and ordnance s ta tus  
b )  The t empera tu re  of selected assembl ies .  
3. 6 .  3 . 7 .  6. 2 Stored Command Data 
The  contents of the command memory  s h a l l  be  contained in  one of the 
four engineering formats .  As a goal, the complete contents of the command 
m e m o r y  shal l  be contained in the format .  As  a minimum, t h e  format  shal l  
contain the contents of a single command memory  reg is te r  t r ipplet  (delay 
time and s tored command) with the contents of each r eg i s t e r  being telemetered 
in  sequence. In this la t te r  case,  the identification of the r eg i s t e r  sha l l  a lso 
be in the format.  The value of the command in the r eg i s t e r  sha l l  immediately 
follow that of the corresponding t ime delay in  the format.  
3.6. 3. 7. 6. 3  Command Verification 
Verification of changes in spacecraf t  operating modes o r  s ta tus  by 
ground command sha l l  be required where  such verification i s  not implicit 
in the te lemetry da t a ,  
3.6. 3. 8  Thermal  Control Subsystem 
3 . 6 . 3 . 8 . 1  Description 
The probe bus thermal  control subsystem consis ts  of insulation to pro- 
vide passive thermal  control for spacecraf t  components and louvers to provide 
active the rma l  control of the equipment compartment.  
3.6. 3. 8. 2 Capability 
Tt?J A : + .  
The thermal  control subsystem sha l l  have the capability of maintaining 
i 
spacecraf t  components a t  the tempera tures  required for  normal  operation, 
the scientific instruments  a t  t empera tures  a s  specified herein for  the thermal  
environments a s  specified, and meeting the probe thermal  interface require-  
ments. 
3.6. 3.8. 3 Design Environments 
The thermal  control subsystem shall  be designed to maintain the space- 
c ra f t  and instrument  temperatures  a t  the required levels with negligible 
degradation of mater ia l s  and components when exposed to the following 
environments: 
a )  Prelaunch: Within the environment inside the fair ing achieved 
by the on-stand a i r  conditioning a s  specified in  P V  1006.04. 
b) Powered Flight: 
1) Within the environment inside the fairing resulting f rom 
heating of the fairing as specified in P V  1006.04 
2 )  Within the environment encountered a f te r  fairing jettison 
for  the powered flight prof i le  specified in P V  1006.04, in- 
cluding the effects of aerodynamic heating, eclipse,  o r  
radiation f r o m  the sun and earth.  
c )  Flight:  Within the t he rma l  environment imposed during the 
nominal miss ion  profile, including d i r ec t  radiation f r o m  the 
sun on the s ides  of the spinning spacecraf t  fo r  an  unlimited 
t ime  and on the a f t  s ide  of the spacecraf t  f o r  a t  l eas t  four hours.  
3. 6 .  3. 8. 4 Design 
3. 6. 3.8. 4. i Equipment Compartment  
The probe bus shal l  be designed s o  that throughout the miss ion  until 
the  end of the nominal flight miss ion:  
a )  Tempera tures  within the vicinity of spacec ra f t  equipment will 
be maintained a s  neces sa ry  
b) Tempera tu re s  within the equipment compartment  in the 
vicinity of each scientif ic ins t rument  specified in P V  1006.02 
wil l  b e  maintained between 0 and 90 F when the inst rument  
i s  powered and i t s  ne t  heat  l o s s  o r  gain i s  within the l imi t s  
specified. 
3. 6. 3.8.4. 2 Inst rument  Appendages 
Appendages o r  external  s t r u c t u r e  that support  scientific ins t ruments  
sha l l  be designed to  minimize the heat  flow into o r  away f r o m  the inst rument .  
3. 6. 3. 8.4. 3 Inst rument  Aper tu re s  
Insulation sha l l  be  provided to fill  any gaps between scientific ins t rument  
ape r tu re s  and the spacecraf t  ex te r ior  insulation. 
3. 6. 3. 8. 4. 4 External  Inst ruments  
Scientific ins t ruments  mounted external  t o  the equipment compartment  
wil l  provide the i r  own the rma l  control .  
3.6. 3. 8.4. 5 P robes  
The probe bus sha l l  be  designed so  that the requirements  of Section 3. 3. 5 
a r e  me t .  
3. 6. 3. 8. 5 Powered Flight Constraints  
The spacec ra f t  shal l  impose no requirements  on the orientation of the 
launch vehicle /spacecraf t  combination during powered flight up to  and including 
separat ion to sat isfy  t he rma l  l imitations of spacecraf t  ma te r i a l s  and components. 
3.6. 3. 8.6 Te lemet ry  Data 
Te lemet ry  data f r o m  the spacecraf t  shal l  include, in addition to the temp- 
e r a t u r e s  of o ther  subsys tem uni ts  a s  specified elsewhere,  the t empera tu re  a t  
several locations in the equipment compartment and i f  possible, the angle 
or  full open/full c lose  status of at l eas t  one of the louvers. 
3 .  6. 3. 9 Allocated Weight and Reliability Requirements 
The allocated weight and reliability requirements a s  specified in 
Sections 3 .  4. 9. 2.  1 and 3 .  4. 1 .  2 shall be observed. 
3.6.4 Large Probe Performance Requirements 
3.6.4. 1 Stability 
3.6.4. 1. 1 Hypersonic Stability Margin 
The s tat ic  dynamic and stability margins and the aerodynamic damp- 
ing during entry shall  be adequate to  ensure  that oscillations resulting 
f rom the la rge  probe entering with attitudes and ra tes  within the l imits  
specified in Section 3.6.2.10 shal l  be damped to  l e s s  than i d e g r e e  half 
amplitude by the t ime the probe deceleration reaches 10 g 's .  In addition, 
any subsequent excursions in  angle of a t tack shall  be damped to l e s s  than 
10 degrees at t ime of parachute deployment. 
3.6.4. 1.2 Parachute Descent Phase  Stability 
The s tat ic  and dynamic stabili ty of the combined parachute, descent 
and aeroshel l  shal l  be adequate t o  damp any oscillations resulting f r o m  
parachute deployment to  l e s s  than - 1 degree half amplitude within - 4 seconds 
after parachute deployment in  the absence of winds. 
P r i o r  to  and af te r  re lease  of the aeroshell ,  the combined parachute 
and probe configuration shal l  have adequate s ta t ic  and dynamic stability 
margins  s o  that the maximum depar ture  of the descent capsule attitude 
f r o m  vertical  shal l  not exceed - 20 degrees  in response to the design wind 
profile specified in Section 3.4. 10.7. Angle of a t tack oscillations resul t -  
ing f rom this t ransient  shal l  not e x c e e d z d e g r e e s  peak half amplitude and 
shall  be damped t o i d e g r e e  o r  l e s s  (half amplitude) wi th in5seconds  af te r  
the wind returns to  steady s tate  velocity. 
3.6.4.1.3 Terminal  Descent Phase  Stability 
The s tat ic  and dynamic s tabi l i ty  margins of the descent capsule 
a f te r  parachute re lease  shall  be adequate to l imit  the maximum departure  
of the descent capsule attitude f r o m  vert ical  t o  l e s s  than - 15 degrees  in 
response to  the design wind profile specified in Section 3.4. 10.7. Angle 
of attack oscillations f rom this t rans ien t  shall  not exceed - 5 degrees  peak 
half amplitude and shal l  be damped to - 1 degree o r  l e s s  (half amplitude) 
within 5 seconds af ter  the wind re turns  to steady s tate  velocity. 
The maximum steady state tr im angle of attack shall be less  than 
1 degree in the absence of winds. As a goal, in the absence of winds 
- 
the descent capsule shall not exhibit any tendency to limit cycle or oscil- 
late about the t r im angle of attack. If such motions do occur they shall 
not exceed Ldegrees  half amplitude. 
3 . 6 . 4 .  1.4 Spin Rate During Entry and Descent 
The large probe shall be designed s o  that for attitudes and rates 
at  entry within the limits specified in Section 3 . 6 . 2 .  10 the probe spin 
rate shall not exceed rpm at any time prior to  parachute deploy- 
ment. The descent capsule shall be provided with positive aero- 
dynamic means to control spin rate to meet the requirements of 
Section 3 . 5 . 2 . 7 .  
3 . 6 . 4 . 2  Mission Termination 
The large probe shall not be required to survive or  operate beyond 
the time it reaches the surface of Venus or  a radius of 6050 h, which- 
ever occurs f irst .  If the probe does survive after reaching the surface, 
scientific measurements will be made until end of life. 
3 . 6 . 4 . 3  Aeroshell 
3 . 6 . 4 . 3 . 1  Description 
The large probe aeroshell subsystem shall consist of structural 
elements which form the aerodynamic shape during entry, resist  the 
aerodynamic loads during entry, and enclose and support al l  other large 
probe subsystems (except the heat shield) and scientific instruments 
throughout the mission until parachute deployment. 
3 . 6 . 4 . 3 . 2  Capability 
The aeroshell subsystem shall have the capability of maintaining 
the designed aerodynamic shape within mechanical limits which assure  
that hypersonic stability requirements will be met. It shall have the 
capability of providing mechanical support to the heat shield subsystem 
on the exter ior  of the aeroshel l  and the other probe equipment and instru-  
ments  on the inter ior .  The aeroshel l  subsystem sha l l  include provisions 
for  venting i t s  internal  volume during tes t ,  launch, and ent ry  t o  avoid 
excessive p r e s s u r e  differentials ac ross  the aeroshel l  and shal l  provide a 
separation joint and ape r tu re  in the afterbody to  pe rmi t  separat ion and 
exit of the descent capsule f r o m  the aeroshell .  The aeroshel l  subsystem 
shall  a l so  provide a sma l l e r  aper ture  which i s  compatible with the m o r t a r  
used fo r  parachute deployment, and i t  shal l  provide an  ape r tu re  fo r  the 
communications antenna mounted on the descent capsule. 
3.6.4.3. 3 Hypersonic Ballist ic Coefficient 
The aeroshel l  shal l  provide an aerodynamic shape with a hypersonic 
2 ballistic coefficient of TBD + TBD s lugsf f t  with the l a rge  probe m a s s  a t  
the maximum value allocated in Section 3.4.9.2. 1. 
3.6.4.3.4 Aeroshell  Afterbody Separation 
The maximum fo rce  required to  remove the  aeroshel l  afterbody shall  
not exceed 80 lbs  exclusive of the force  required f o r  separat ion of the heat 
shield joint a s  specified in  Section 3.6.4.4.5 a f te r  r e l ease  mechanisms 
have been actuated. 
3.6.4.3.5 Rigidity 
The aeroshel l  shalI  have adequate s t ruc tu ra l  rigidity t o  maintain the 
aerodynamic shape within l imits  which will a s s u r e  miss ion  success  and to  
maintain overal l  probe s t ruc tura l  frequencies above the frequency range 
of probe angle of a t tack oscillation in  o rde r  to  minimize possibil i t ies of 
dynamic coupling. 
3.6.4.3.6 Thermal  Environment 
The aeroshel l  shal l  be compatible with tempera tures  between -40 
and 1 5 0 ~ ~  pr ior  to entry.  The aeroshel l  shal l  be capable of meeting per -  
formance requirements  during entry if the bond line tempera ture  between 
the heat shield and the aeroshel l  i s  maintained below 3 0 0 ~ ~  until after 
entry stagnation p r e s s u r e s  have decreased below 0.1 ba r ,  and the 
aeroshel l  shall  continue t o  maintain s t ruc tura l  integrity and alignment 
sufficient fo r  separat ion of the afterbody and the descent capsule when 
0 
the heat shield bondline tempera ture  is a t  600 F and stagnation pres-  
s u r e s  remain below 0.1 bar .  
3.6.4.3.7 - Provisions fo r  Ground Handling 
The aeroshel l  s t ruc ture  shal l  be compatible with being supported 
by a specially designed sling with the forebody facing ei ther  upward o r  
downward and with being supported in  a suitably padded support f ixture 
with the forebody down. The sling loads m a y  be applied near  the maxi-  
mum diameter  in o r d e r  to  avoid interference between the sling and the 
probe bus when mating o r  demating the la rge  probe to the bus. 
3.6.4.4 Heat Shield 
3.6.4.4. i Description 
The l a rge  probe heat shield subsystem shal l  include a quartz win- 
dow a t  the forward stagnation point fo r  the shock l aye r  radiometer ,  other 
ablative ma te r i a l s  bonded to the aeroshel l  forebody and afterbody, and a 
protective radome which covers  the communications antenna during entry.  
3.6.4.4.2 Capabilities 
The heat shield subsystem shal l  have the  capability to provide 
thermal  protection f o r  all other l a rge  probe equipment and scientific 
instruments  during entry,  to control surface erosion and m a s s  los s  during 
entry s o  that no significant changes in  probe aerodynamic shape occur,  
t o  accept appropriate  thermal  control coatings fo r  protection during other 
miss ion  phases,  t o  maintain mechanically sound attachment t o  the aero-  
shel l  throughout t e s t  and all miss ion  phases,  and to  permi t  deployment of 
the parachute and separat ion of the aeroshel l  afterbody. 
3.6.4.4.3 Thermal  Per formance  During Ent ry  
The heat shield subsystem shal l  limit the tempera ture  of the bond- 
line between itself  and the aeroshel l  during ent ry  to  l e s s  than 3 0 0 ~ ~  dur- 
ing the t ime period that en t ry  stagnation p r e s s u r e s  exceed 0. i bar  and to  
less  than 6 0 0 ~ ~  after stagnation pressures have dropped below 0.1 bar 
up until the time the descent capsule is  separated from the aeroshell 
forebody (nominally 1.5 minutes after entry). 
3.6.4.4.4 Radome R F  Performance 
The R F  attenuation due to the radome shall not exceed 0.2 db at  
frequencies between 2100 and 2200 MHz anywhere within a cone with 65 
deg half angle centered along the aft axis of symmetry of the aeroshell. 
This requirement shall be met both before and after exposure to entry 
heating. 
3.6.4.4.5 Mechanical Requirements 
The heat shield subsystem materials shall be selected to  res is t  
the aerodynamic (shear)  loads and erosion during entry, to withstand 
without permanent deformation the loads which a re  imposed by ground 
handling slings and fixtures, and to withstand the concentrated loads at  
the probe bus attach point without deformation which is  detrimental to 
mission success. 
The radome shall be capable of withstanding a pressure differential 
of i ps i  in either direction without permanent deformation. 
The joint in the heat shield at  the aeroshell afterbody separation 
line shall maintain thermal integrity during entry and shall not require 
a force of greater t h a n E l b s  for separation after entry. The joint in 
the heat shield provided for parachute deployment shall maintain thermal 
integrity during entry and shall not require a force greater  than - 20 lbs 
for separation after entry. 
3.6.4.4.6 Storage and Mission Life 
The heat shield subsystem shall be designed for storage for a t  least 
24 months prior to launch and to withstand the interplanetary cruise prior 
to entry as  specified in Section 3.6.1. 
3.6.4.5 Parachute 
3.6.4.5.1 Description 
The parachute subsystem shall  consis t  of a parachute, swivel, 3 
cable bridle, and m o r t a r  fo r  deployment. 
3.6.4.5.2 Capabilities 
The parachute subsystem shall  have the capability to  operate suc-  
cessfully af ter  4 months of storage within the la rge  probe pr ior  to 
launch (including exposure to probe environmental t e s t  environments) and 
af te r  the interplanetary c ru i se  specified in  Section 3.6.1. The parachute 
subsystem shall  be capable of subsonic deployment in  the Venus atmos-  
phere,  of extrai t ing the descent capsule f r o m  the aeroshel l  forebody and, 
i n  combination with the descent capsule d rag  providing reduced descent 
r a t e s  in the altitude range of approximately 70 t o  50 h. 
3.6.4.5.3 Ballistic Coefficient 
The parachute shal l  be sized to maintain a ballistic coefficient of 
2 TBD + TBD slugslf t  i n  conjunction with the descent capsule while the two 
a r e  attached. 
3.6.4.5.4 Deployment 
The parachute subsystem shall  be capable of deployment a t  any com- 
bination of altitude and Mach numbers within the following ranges: 
a) Altitudes between 7 1.7 and 69.2 km 
b)  Mach numbers  between 0.7 and 0.8.  
3.6.4.5.5 Minimum Altitude 
The parachute shal l  be  capable of operation down to at least  
48 km altitude. 
-
3.6.4.6 Descent Capsule 
3.6.4.6.1 Description 
The descent capsule subsystem shall  include a p r e s s u r e  vessel  with 
windows and ports  fo r  scientific instruments and with internal  s t ruc ture  
t o  support the  probe electronic subsystems and cer ta in  scientific instru-  
ments ,  external insulation, a vented aerodynamic cover for  the external 
insulation, an  aerodynamic f l a r e  s t ruc ture ,  and spin fins.  
3.6.4.6.2 Capabilities 
The descent capsule subsystem shal l  be capable of providing thermal  
protection and a controlled p r e s s u r e  environment throughout the mission 
to the probe equipment and scientific instruments mounted inside it. The 
descent capsule subsystem shal l  a lso provide s t ruc tura l  support for  
internally mounted equipment and instruments throughout the miss ion  and 
provide viewing and sampling windows or  ports  with the fields of view o r  
exposure for  the scientific instruments a s  specified in Section 3 . 5 . 2 . 5 .  
3.6.4.6.3 Ballistic Coefficient 
After separat ion f rom the parachute and aeroshel l  the descent cap- 
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sule shall provide a ballist ic coefficient of TBD + TBD slugs/ft  . 
3.6.4.6.4 Stability 
The requirements of Section 3.6.4. i .  3 shal l  be m e t  by the descent 
capsule subsystem including the probe equipment and scientific instruments 
which it supports and encloses.  
3.6.4.6.5 P r e s s u r e  Vessel  
The p r e s s u r e  vessel  including windows and penetrations shall  be 
capable of withstanding a t  l eas t  one exposure to combined p r e s s u r e  and 
ambient tempera ture  profiles equivalent to  descent to the surface of Venus 
(6050 km) without catastrophic failure.  Permanent deformation of the 
p r e s s u r e  vesse l  a f te r  one exposure t o  the Venus environment shal l  not be 
l a rge  enough to  cause fai lure  of p r e s s u r e  sea ls ,  internally mounted equip- 
ment,  o r  scientific instruments  except that the descent capsule shal l  not be  
required to meet  scientific instrument alignment requirements af ter  such 
exposure. 
The p r e s s u r e  vessel ,  i ts  windows. and the sea l s  provided a t  a s sem-  
bly joints shall  be designed so  that the requirements  of Section 3.5.2.3.3 
(Operating Atmosphere Within the P r e s s u r e  Vessel)  a r e  met after ex- 
posure of the descent capsule to  acceptance tes t  environments a s  specified 
in Section 4.0. 
3.6.4.6.6 Structure 
In addition to the requirements of Section 3.6.4.6.5 the ent i re  des-  
cent capsule shall  be designed to  support the probe equipment and scienti-  
f ic instruments and to  withstand the en t ry  loads and accelerat ion environ- 
ment  without permitting damaging mechanical interference. The descent 
capsule shal l  have sufficient s t ructural  rigidity s o  that scientific instru-  
ment alignment requirements  a s  specified in P V  1006.02 a r e  met  a f te r  
exposure to the entry environment and throughout descent to  the surface 
(6050 h). 
The descent capsule internal s t ruc tu re  shall  be designed to  support 
the scientific instrument sensors  adjacent to  the i r  viewing o r  sensing 
por ts  a s  required in P V  1006.02 and to  pe rmi t  the probe equipment to be  
arranged s o  the probe m a s s  property and center  of gravity constraints 
derived f rom stability requirements a r e  met.  
3.6.4.7 Mechanisms 
3.6.4.7. i Description 
The la rge  probe mechanisms subsystem shall  include the clamping 
rings, explosive bolts, pin pullers and similar hardware to  attach and 
re lease  the probe elements which separa te  o r  deploy during entry and 
descent. 
3.6.4.7.2 Capabilities 
The mechanisms subsystem shal l  be capable of providing the s t ruc -  
tura l  attachments between the descent capsuIe and the forebody aeroshell ,  
and between the descent capsule and the afterbody of the aeroshel l .  The 
mechanisms subsystem shall  accept firing currents  f rom the 
Electr ic  Power subsystem in o rde r  to initiate pyrotechnically operated 
re lease  devices to separa te  the descent capsule and aeroshel l  afterbody 
f r o m  the aeroshel l  forebody and then to  separate  the aeroshel l  afterbody 
f r o m  the descent capsule. 
3.6.4.7.3 Per formance  Requirements 
The mechanisms subsystem shal l  provide fo r  re lease  of the separa-  
ble elements in  a manner  which a s s u r e s  that no damaging recontact of the 
two bodies involved can occur during the  t ransient  following release.  The 
use of guide rails o r  s imi l a r  devices to  mee t  this requirement is permis-  
sible but is not encouraged. All end products of separat ion such a s  gases  
and cut bolts shal l  be contained and constrained. 
3.6.4.8 Thermal  Control 
3.6.4.8. 1 Description 
The l a r g e  probe the rma l  control subsystem shall  consist  of thermal  
insulation, hea ters ,  and coatings which in conjunction with the heat shield 
and descent capsule provide a controlled thermal  environment throughout 
the miss ion  f o r  a l l  probe equipment and scientific instruments .  
3.6.4.8.2 Capabilities 
The thermal  control subsystem shall  be capable of maintaining a l l  
probe equipment and scientific instruments within specified temperature 
l imits  throughout the miss ion  except that instruments mounted outside the 
descent capsule will include the i r  own thermal  control provisions for  the 
period af ter  separat ion of the descent capsule f rom the aeroshel l  forebody 
3.6.4.8.3 Windows 
The thermal  subsystem shall  maintain the outer elements of the win- 
dows provided for  scientific instruments  a t  leas t  io°C above the ambient 
- 
gases  fo r  the descent t ra jec tory  beginning at an altitude of a t  least  75 lun 
and extending t o  the  end of the nominal mission profile. 
3.6.4.9 Electr ical  Power Subsystem 
3.6.4. 9. 1 Description 
The l a rge  probe electr ical  power subsystem shall  consist  of a 
rechargeable  battery,  wiring harnesses ,  and other equipment including 
switching devices required to provide the control DC power to ordnance 
devices,  other la rge  probe subsystems,  and to the  l a r g e  probe scientific 
instruments.  Ordnance f i r ing c i rcu i t ry  shall  comply with requirements  
of AFETRM 127-1 where inadvertent actuation of ordnance could injure 
personnel  o r  adversely affect the bas ic  mission. 
3.6.4.9.2 Capability 
The e lec t r ica l  power subsystem shall  be  capable of accepting 
electr ical  power via the  t e s t  connectors and distributing this power t o  
other  probe subsystems and probe scientific instruments  so  that t e s t s  
can b e  conducted without discharging the probe battery. The e lec t r ica l  
power subsystem shall  be  capable of safing, arming,  and firing probe 
pyrotechnic devices on command f r o m  the data handling and command 
subsystem and of providing regulated 28 VDC power for t e s t  and opera-  
tion of scientific instruments  and other probe subsystems. The electr ic  
power subsystem shall  provide fault isolation to protect  against shorting 
of conductors in the umbilical which connects to the probe bus, and to  
prevent  fa i lures  in any scientific instrument f r o m  degrading the power 
supplied to  other instruments  o r  to  the probe subsystems. 
3.6.4. 9. 3 Voltage Regulation 
The electr ic  power subsystem shall provide power a t  28 f 2.8 VDC 
to  the science instruments  and to  other probe subsystems. Trans ients  
during power switching and pyro firing may exceed the  above voltage 
l imi t s  for per iods not to exceed 15 mill iseconds but in no case  shall  the 
voltage exceed the range of 22 to  33 volts. The  electr ical  power subsys- 
t e m  shall  not be required to  regulate power provided via the t e s t  connectors. 
3.6.4.9.4 Energy Storage Capacity 
The electr ical  power subsystem shall  have adequate energy s to r -  
age  capacity so  that during the nominal mission i t  shall  be capable of 
supplying .power af ter  the  l a s t  charge cycle for  a l l  of the  following: 
a )  Operation of the coast t imer  for  a t  leas t  - 30 days. 
b )  operat ion of the  l a rge  probe and i t s  scientific instru-  
ments  for a t  l eas t  2 checkout sequences of a t  least  5 
minutes duration each, including operation of the t r ans -  
mi t te r  a t  full  power for a t  l eas t  - 1 minute during each 
checkout. 
c) Operation of any hea ters  required during the  period 
between launch and entry including thermal  control 
for  the coast  t imer  and the  bat tery in  par t icular .  
d )  Operation of the probe subsystems commencing 
15 f 5 minutes pr ior  to entry in order  to provide check- 
out and calibration data. 
e) Operation of a l l  scientific instruments  except the 
windfaltitude r a d a r  beginning 15  f 5 minutes p r io r  to 
entry and continuing until the end oFthe nominal mis -  
sion. At leas t  TBD W steady s tate  power shall  be 
available fo r  this purpose with a t  least  TBD W avail- 
able during the  period between entry and deceleration 
to subsonic speeds. 
f)  Operation of the  windjaltitude r a d a r  f r o m  the  t ime an 
altitude of TBD i TBD k m  i s  reached until the end of 
the nominal mission. At leas t  - 48 W of power shall  be 
available for  this  purpose. 
g) Operation of the window hea te r s  in o rde r  to meet  the 
requirements  of Section 3.4.5.3.1. 
h) Operation of a l l  probe subsystems a s  required to meet  
the i r  functional requirements  (including warmup a s  
required)  throughout entry and descent until the end 
of the nominal mission. 
3.6.4.9.5 Tempera ture  Limits  
The e lec t r ic  power subsystem i s  required to  provide power through- 
out the mission, beginning severa l  days before launch when the coast t imer  
will be  initialized. The e lec t r ic  power subsystem shall  be compatible 
with operation in the thermal  environment existing within the la rge  probd 
during prelaunch, launch, interplanetary cruise ,  f r e e  flight before enbry; 
entry, and descent mission phases.  
3.6.4. 9 .6  Life 
-
The electr ic  power subsystem and the bat tery in par t icular  shall  
be capable of meeting a l l  requirements  af ter  being s tored within the l a r g e  
probe for  - 4 months, being exposed t o  the effects of la rge  probe and 
spacecraf t  acceptance t e s t  environments p r i o r  to  launch, and being 
subjected to  the effects  of the  launch, c ru ise ,  entry  and descent 
environment. 
3 . 6 . 4 . 9 .  7 Faul t  Protect ion 
The e lec t r ic  power subsys tem shal l  provide an individually fused 
branch  c i rcu i t  fo r  each scientif ic ins t rument .  Diode isolation and fusing 
shal l  be  provided to pro tec t  against  effects of shorting any power con- 
ductor which pene t ra tes  t he  descent  capsule p r e s s u r e  ves se l  and any 
conductor which i s  disconnected in flight. The  ba t te ry  shal l  be  protected 
f r o m  the  effects of shorting in any electroexplosive device init iator.  
3 . 6 . 4 .  10 Data Handling and Command Subsystem 
3 . 6 . 4 .  10. 1 Description 
The  data handling and command (DHC) subsys tem shal l  include 
redundant "g" switches to s ense  entry,  a coas t  t i m e r  to control  events 
p r i o r  to  entry ,  a descent  t i m e r  to  control  events during and a f te r  entry. 
engineering t ransducers ,  and an  electronics  a s sembly  t o  accept,  p r o c e s s ,  
s t o r e  ( a s  necessary) ,  and encode engineering and scientif ic data for  t r a n s -  
miss ion  to  earth. 
3 . 6 . 4 .  10.2 Capability 
The  DHC subsys tem shal l  have the capability to  accept  digital and 
bilevel scientif ic data and analog and bilevel engineering data ,  condition 
the data, s to re  the data  during blackout and other  per iods  such a s  ca l i -  
bration,  and multiplex both the s tored and r e a l  t i m e  data into a single da ta  
bit s t r e a m  for  t r ansmis s ion  to  ear th .  The DHC subsys tem shal l  have the 
capability f o r  accepting commands and t ransmi t t ing  te lemet ry  data  through 
the probe  t e s t  connectors  and shal l  be  capable of producing a sequence of 
s to red  commands based on t ime  elapsed f r o m  an  initializing command 
p r i o r  to launch and a second sequence of commands based on t i m e  elapsed 
f r o m  the point a t  which the DHC accelerat ion switches sense  50 g i n c r e a s -  
ing a t  entry. The  DHC shal l  have the capability t o  m e a s u r e  descent  capsule  
internal  p r e s s u r e  and to  m e a s u r e  t empera tu re s  of the  p r e s s u r e  ves se l  and 
selected probe electronic units. 
3.6.4, 10. 3 Stored Command Sequences 
a. Coast T i m e r  
The DHC subsystem shall  provide the capabilities required in Sec- 
tion 3.5.2. 10 a ,  Coast Timer .  The same  equipment shall  be used to  
implement any additional s tored commands required for  successful opera-  
tion of the la rge  probe up until the t ime of entry. 
All  event switching shall  be programmed relat ive to the planned 
entry t ime. Provis ion shal l  be  included in the DHC for  initializing the 
coast t i m e r  and checking i t s  operation via the l a rge  probe tes t  connectors 
p r io r  to separation. 
The  DHC subsystem shall  be designed so  that the degradation to  
overal l  mission success  due t o  possible fa i lures  in the coast t imer  a r e  
minimized. In par t icular  DHC logic shall be designed to place the probe 
subsystems and scientific instruments  in a minimum power mode when 
i t  reaches  the end of i t s  normal  command sequence and i t  shall  be 
designed s o  that i t  will not recycle  the command sequence i f ,  f o r  example, 
i t  fa i ls  in  a manner  which causes  the t imer  to  run abnormally fast .  
b, Entry Timer  
The  DHC subsystem shall  provide the  capabilities required in 
Section 3.5.2.10 b, Entry Timer.  The same  equipment shall be used to  
implement any additional stored commands required for successful opera-  
tion of the la rge  probe af te r  entry and during descent until the end of the 
nominal mission. 
The  entry t i m e r  shall  operate  independently f r o m  the coast t imer  
and shall  automatically disable  the coast t i m e r  output(s) and place the 
probe subsystems and scientific instruments  in the  proper  mode for  entry 
(if not a lready in that mode) immediately upon reaching the entry acce lera-  
2 tion threshold of 490 10 m / s e c  (-50 g's) .  Redundant acceleration sensi-  
tive switches shall  be used to  sense the above threshold. Closure of either 
switch shall  initiate the entry t imer  sequence without requiring and inde- 
pendent of any outputs f r o m  the coast t imer.  Mechanical and electr ical  
charac ter i s t ics  of the switches and associated electronics  shall  be  selected 
to  provide rel iable  operation during entry and to  provide immunity f r o m  
generating spurious outputs due to shock, vibration o r  acceleration loads 
a t  any t ime p r io r  to entry. 
The entry t imer  logic shall be designed so that if the la rge  probe 
should survive beyond the  end of the nominal mission, i t  will remain 
i n  the normal  mode used for terminal  descent and continue acquiring and 
transmitting data until the battery i s  exhausted o r  until the natural environ- 
ment induces fai lures  which terminate  probe operation. 
Provis ion shall  b e  included to pe rmi t  control and monitoring entry 
t imer  status via the t e s t  connectors in o rde r  to facil i tate t e s t s  of the probe 
and i ts  scientific instruments. 
c. Command Character is t ics  
Commands generated by both the  entry and the coast t imer  for  the 
scientific instruments  shall  meet the electr ical  requirements  of 
P V  1006.02. 
Output c ircui ts  for commands generated by the entry t i m e r  and 
routed to  the electr ical  power subsystem for  arming and firing pyro 
circui ts  shall  not be  required to be redundant but shall  be compatible with 
the circui ts  in  the electr ical  power subsystem which provide the r edun- 
dancy required in Section 3.4. 1. 3. 
Commands generated by the coast  and entry t i m e r s  for  use  by other 
probe subsystems shall  be  compatible with the requirements  of those 
subsystems. 
3.6.4. 10.4 Data Handling 
a. Outputs to Scientific Instruments 
In addition to the stored commands required in Section 3.6.4.10.3, 
the DHC subsystem shall  meet the requirements  of Section 3.5.2. 
b. Inputs f r o m  Scientific Instruments  
The DHC subsystem shall meet  the requirements  of PV 1006.02, 
a r range  the data in format  (or formats  a s  appropriate) along with suffi- 
cient timing and identification data s o  that data f r o m  each input f r o m  the 
scientific instruments  can be identified uniquely and can be  reconstructed 
a s  a t ime related data stream. The status of an on board clock signal 
shall be  included in the  data format  a t  leas t  once every TBD seconds s o  
that the relative timing of data samples  occurring a t  any t ime during the 
entry and descent sequence can be  established to  within f 0.2 second 
even i f  downlink communications a r e  temporarily interrupted during data 
transmission. 
3.6.4. 10.5 Data Output Signals 
The DHC shall  provide two se r i a l  digital data signal outputs a s  
follows: 
a )  The pre-encoded output routed to the probe t e s t  connector 
shall  be NRZ-L a t  information bit r a t e s  of -- 128, 256, 
o r  - 512 bps. 
b)  The post-encoded output to  the probe communications 
sys tem shall  be  a bi-phase modulated squarewave sub- 
c a r r i e r  a t  an amplitude determined by the modulation 
index requirement  of the t ransmi t te r  and an information 
bi t  r a t e  of 128 bps. The subcar r ie r  frequency shall  be  
between 16 and 40 kHz. The variation in the  average 
output squarewave t ime period shall  b e  l e s s  than 0.5 
percent  ( shor t  t e r m  phase stability). Rate  = 112, 
k = 32 convolutional coding shall be used for this bit 
s t ream.  
The  data (information) contained in each of the above se r i a l  digital 
data signal outputs shall  be identical. Probe  engineering data may be  
included in this  bit s t r e a m  on a "space available" bas is  af ter  a l l  of the 
data f r o m  the  scientific instruments  has  been accommodated along with 
the required timing and identification data. 
3.6.4.10.6 Format  Rearrangement  
The DHC subsystem shall  provide the capability of rearranging 
the word allocation in the scientific format  by minimum hardware changes 
such that no requalification and a minimum of re tes t  a r e  required. 
3.6.4.10.7 Signal Buffering 
Signal and data l ines shal l  be  buffered such that an open-circuit 
o r  short  c i rcui t  fa i lure  of any given line external t o  the DHC subsystem 
shall  not resu l t  in the los s  o r  fai lure  of other signals o r  data lines. 
3.6.4.10.8 Operating Modes 
The DHC subsystem shall  provide the capability to operate the 
l a rge  probe and i t s  scientific instruments  in a t  leas t  the following modes: 
a )  T e s t  modes using external commands routed to the DHC 
subsystem via the  l a r g e  probe t e s t  connectors. It shall  
be possible  to  t u rn  on and operate  the scientific ins t ru-  
ments  individually o r  i n  any combination up to the 
maximum capability requi red  in flight. It shall  be  
possible to  operate  the probe subsystems and scientific 
ins t ruments  on ei ther  internally o r  externally supplied 
power. It shal l  b e  possible  to control  individual probe 
units including the t r ansmi t t e r  in par t icu la r  in o rde r  
to  facil i tate testing and provide diagnostic capability. 
Bat tery checkout and charging shal l  b e  included a s  
p a r t  of the t e s t  modes. In a t  l ea s t  one t e s t  mode it 
shall  be  possible to  cycle  through the ent i re  (120 day) 
launch and coast  mode sequence in an  accelerated 
fashion using an externally supplied clock signal. 
b )  Launch and coast  mode. Th i s  mode shall  be  entered 
when the coast  mode t i m e r  i s  initialized. It shal l  be  
possible t o  verify operation and proper  initialization 
of  the coast  mode t i m e r  via the  t e s t  connectors 
while in th i s  mode. It shal l  a l so  b e  possible to 
command the probe out of th i s  mode via the t e s t  
connector and cause it t o  enter  other modes  includ- 
ing the t e s t  modes in  par t icular .  No hardware  change 
shal l  b e  required to  init ial ize t he  coast  t i m e r  and 
enter the  launch and coas t  mode. 
C )  P o s t  r e l e a s e  checkout mode. This  mode shal l  be  
entered on command f r o m  the coast  t i m e r  and shal l  
cause the probe subsys tems  and scientific ins t ruments  
to b e  energized and operated in  a manner  so that  the i r  
health and status can b e  a s se s sed  p r i o r  to  entry. 
d )  P r e - e n t r y  models). Th i s  mode o r  se t  of modes shal l  
be entered on command f r o m  the coast  t imer .  Sequen- 
t i a l  power switching t o  hea t e r s ,  other probe equipment, 
and the scientific ins t ruments  shall  be  provided a s  
required to  a s s u r e ,  p r i o r  to  entry,  that  t empera tures  
of the  equipment and ins t ruments  have reached the 
values required for  successful  operation. 
e)  Entry modes. These  modes  shal l  be  entered only a s  a 
resu l t  of sensing en t ry  accelerat ion a s  required in  
Section 3.6. 14.3.2 o r  i n  response  t o  specific t e s t  com-  
mands received via the  t e s t  connectors.  These  modes  
shal l  provide for control  and sequencing of probe sub- 
sys t em equipment including the  fir ing of pyros  to  con- 
t r o l  separat ion and deployment, and for  control  and 
sequencing of the  scientif ic ins t ruments  via the s tored 
commands required in  Section 3.4.4.6. The entry 
modes shal l  control  a l l  probe and inst rument  opera-  
t ions between entry and the end of mission. 
3.6.4. 10.9 Spurious Commands 
The DHC subsystem shall  operate in a manner  which shall  prevent 
unintentional and potentially damaging commands f r o m  being issued to 
other probe subsystems o r  to the scientific instruments  a t  any t ime and 
part icular ly when power i s  turned on to the DHC subsystem o r  during 
subsequent power t ransients  within the l imits  prescr ibed  in Section TBD 
3.6.4. 11 Communications Subsystem 
3.6.4.11.1 Description 
The l a rge  probe communications subsystem shall  consist of a coher- 
ent - S-band rece iver ,  a t ransmi t te r  dr iver ,  a power amplifier, f i l ters ,  
diplexer,  an  antenna, R F  cabling, and instrumentation to measure  
performance. 
3.6.4. 11. 2 Compatibility 
The  communications subsystem shall  b e  compatible with other 
probe subsystems and with the DSIF a s  specified in P V  1006. 03. 
3.6.4. 10.3 Capability 
The  communication subsystem shall  have the capability to: 
a )  Radiate a PSK/PM radio signal to  enable radio acquisi-  
tion of the spacecraft  by the DSIF. After acquisition 
of an uplink signal, establish and maintain phase 
coherent t ransmiss ion  with the signal received f r o m  
the DSIF for purposes of measuring two-way doppler 
shift. The  t r ans fe r  f r o m  one-way to  two-way operation, 
and vice versa ,  shall  occur automatically and shall  be 
controlled by signal present  detection circui t ry within 
the probe receiver .  
b )  Telemeter  to the DSIF scientific and .engineering data 
a s  generated by the  data  handling and command (DHC) 
subsystem. 
3.4.4.10.4 Suppression of Spurious Frequencies  
The subsystem shall  contain sufficient fi l tering s o  that the power of 
spurious frequencies in the t ransmi t te r  output, including c a r r i e r  harmon- 
ics ,  shal l  be m o r e  than 40 dB below the level of the unmodulated c a r r i e r  
a s  measured a t  the input to the antenna. 
3.6.4. 10. 5 Receiver Per formance  
a. Type 
The rece iver  shall  be  of the phase-lock-loop type with an automatic 
gain control circuit .  Sweep circui t ry shall  b e  employed to minimize two- 
way acquisition time. 
b. Receiver  Frequency 
The  rece iver  shall  operate  a t  any frequency selected between 
21 10.24 and 21 19.8 MHz with the exact frequency controlled by means  of 
c rys t a l  selection. Within the l imits  of stability and tempera ture  effects. 
the  acquisition frequency of each rece iver  shall  b e  the  same  a t  a l l  t imes.  
The r ece ive r s  shall  be  designed to  minimize the t ime  to  reach  the 
final operating frequency af te r  power i s  applied to  the rece iver  consistent 
with other requirements.  The  t ime required to  stabilize so  that the 
requirements  of Section 3.6.4. 11. 5 d (below) a r e  met  shall  not exceed 
10 minutes. 
-
d. Frequency Stability 
With no signal a t  the  rece iver  input te rminals  and during any 
10-hour period, the best  lock frequency shall  not deviate m o r e  than 3 KHz 
0 for  a tempera ture  change f r o m  -17. ~ O C  to 68.3 C. 
e. Bandwidth 
The  rece iver  bandwidth and phase-lock-loop charac ter i s t ics  shall  
be  compatible with the information t ransmiss ion  requirements  a s  speci- 
fied in  the  Doppler shift, and the r a t e  of Doppler shift resulting f r o m  
mission t ra jec tor ies .  F o r  strong signal conditions, the rece iver  shall  
be  capable of tracking over a frequency range  of *135 KHz with a phase 
e r r o r  l e s s  than 6 degrees  and a t  a frequency r a t e  up to  175 Hz/sec.  F o r  
weak signal conditions, the rece iver  shall  be capable of tracking over a 
frequency range off  125 KHz with a phase e r r o r  l e s s  than 25 degrees  a t  
a frequency r a t e  up to 5 Hzlsec .  
f. Control of Transmi t t e r  Frequency 
The  rece iver  shall  control the output frequency of the t ransmi t te r  
d r ive r  a t  any t ime the rece iver  i s  locked to an  uplink signal (coherent 
mode). This control frequency shall  be such that the t ransmi t te r  d r ive r  
S-band output frequency i s  precisely 240/221 t imes  the  received uplink 
frequency. The change to rece iver  control of the t ransmit ted frequency 
shall  be  automatic and shall  be  controlled by the presence,  o r  lack of, a 
received signal exceeding the switchover threshold. 
3.6.4.10.6 Transmi t t e r  Pe r fo rmance  (Transmi t te r  Dr iver  
P l u s  Power  Amplifier) 
a. Frequency 
The t ransmi t te r  shall  operate  a t  a frequency between 2290 and 
2300 MHz. 
b. Control 
The  t ransmi t te r  frequency shall  be  controlled by an auxiliary c rys ta l  
controlled oscil lator during periods when the rece iver  is not in lock with 
the ground t ransmit ter .  
c. Short  T e r m  Frequency Stability 
When the tempera ture  and supply voltage for  the probe t ransmi t te r  
a r e  steady and during noncoherent operation, the peak to  peak frequency 
deviation within ten successive one-minute t ime periods shall  be  l e s s  than 
0.5 Hz for  a 1 /4  second integration t ime,  that i s ,  within a 4 Hz bandwidth. 
d. Long T e r m  Frequency Stability 
During one-way operation and any 10-hour period, the t ransmi t te r  
frequency shall  not va ry  m o r e  than 1.0 KHz fo r  a tempera ture  change 
f r o m  - 1 7 . 8 ~ ~  to 68. ~ O C .  
e. Phase  Stability 
When operating with a phase  coherent t e s t  rece iver  and a tes t  t r ans -  
mi t te r  having the charac ter i s t ics  specified below, the la rge  probe t r ans -  
ponder and power amplifier shall  meet  the following requirements:  
1) In  the two-way mode under strong uplink signal conditions, 
the phase stability of the  unmodulated c a r r i e r  measured 
a t  the output of the t ransmi t te r  d r ive r  shall  cause no 
m o r e  than 2. degrees  r m s  o r  - 8.4 degrees  peak phase 
e r ro r .  
2) In the one-way mode, the phase stability of the unmodu- 
lated c a r r i e r  measured a t  the output of the  t ransmi t te r  
d r ive r  shall  cause no m o r e  than ?.degrees r m s  o r  
10.8 degrees  peak phase e r r o r .  
-
3) The power amplifier shall  add no m o r e  than 3.0 degrees  
r m s  phase e r r o r  to  the above values. 
The t e s t  rece iver  shall  have a strong signal double side bandwidth (ZBL) 
of 12 Hz o r  l e s s  and a high frequency cutoff of 1 KHz or  more .  The t e s t  
t ransmi t te r  and rece iver  shall  have a self-test  mode to establish their  
contribution to  the measured phase e r r o r ;  the contribution shall  be  l e s s  
than 10 degrees  rms .  The phase e r r o r  attributed to  the  spacecraft  shall  
be  calculated by the root sum square method. 
f. Power Amplifier 
The  minimum power output f r o m  the amplifier including effects 
supply voltage variation within the  l imits  of Section 3. 6. 13. 3 shall  be 
adequate to ensure  that t he  EIRP requirements  of Section 3.6.15.9 a r e  
met. 
g. Modulation Index 
The modulation index shall  be  adjustable between 0.5 and 1.2 radians 
by minor changes of components in the t ransmi t te r  dr iver .  The  flight value 
selected for the  modulation index shal l  b e  within th is  range,  shall  b e  
adjusted p r io r  to acceptance testing of the t ransmi t te r  dr iver ,  and shall  
remain with f 0. 05 radian of the  selected value. 
h. Warmup 
The t ransmi t te r  shall  be  designed to  minimize the t ime to reach  the 
final operating frequency af ter  power i s  applied. The  t ime  shall  not exceed 
. .., 
10 minutes. 
3.6.4.10.7 Antenna 
a. Antenna Polar izat ion 
The polarization of the antenna for  both t r ansmi t  and receive signals 
shall  be right hand c i rcu lar  and in the same direction. 
b. Antenna Beamwidth 
The  t ransmiss ion  beamwidth of the antenna shall  not be l e s s  than 
130 degrees  a s  measured  a t  the - 3  dB points over  the frequency range of 
2.1 t o  2. 3 GHz. Antenna gain a t  any angle within the 65 degrees  (half 
angle) cone surrounding the aft axis  of symmetry  of the l a rge  probe shall  
be adequate t o  a s s u r e  that  the communications subsystem performance 
requi rements  (ELRP) of Section 3. 6.4. 11. 9 a r e  m e t  with t ransmi t te r  power 
amplifier operating a t  minimum power output. 
3.6.4. 10.8 Performance-Uplink 
During the nominal probe  mission the probe sha l l  be capable of 
receiving and phase  locking t o  a signal having the total  power density 
given below fo r  the direct ions indicated: 
Power  Density, E a r t h  Aspect Angle, 
dBm p e r  square  m e t e r  (Degrees)  
( a )  TBD 180 t o  115 where ze ro  i s  
forward (downward) axis 
of symmetry  of probe 
during entry 
3.6 .4 .  10.9 Pe r fo rmance  - Downlink 
During the  nominal mission the probe shall  have a minimum effec- 
t ive isotropic  radiated power (ELRP) for the following ea r th  aspect  angles: 
EIRP, d B m  
(a)  r TBD 
Ear th  Aspect Angle, 
(Degrees)  
3.6.4.10.10 Telemet ry  Data 
The  probe te lemet ry  data shall contain information about: 
a )  Signal p re sence  
b )  Component t empera tu res  
c) Output power 
d )  Receiver  s ta t ic  phase e r r o r  
e )  Received s ignal  strength 
3.6.5 Small Probe Performance Requirements 
3.6.5. 1 Stability 
3.6.5. 1. 1 Hypersonic Stability Margin 
The static and dynamic stability margins and the aerodynamic damp- 
ing during entry shall be adequate to  ensure that oscillations resulting from 
the small probe entering with attitudes and rates within the limits specified 
in Section 3.6.2. 10 shall be damped to less  than Ldegree  half amplitude by 
the time the probe deceleration reaches 10  g's. In addition, any subsequent 
excursions in angle of attack shall be damped to less than 10 degrees at 
time of temperature probe deployment. 
3.6.5. 1.2 - Descent Phase Stability 
The transonic and subsonic static and dynamic stability margins of 
the small probe shall be adequate to limit the maximum departure of the 
small probe attitude relative to its nominal flight path to less than% 
degrees in response to the design wind profile specified in Section 3.4.10.7. 
Angle of attack oscillations from this transient shall not exceed 5 degrees 
peak half amplitude and shall be damped to -. i degree or less (half amplitude) 
within 5 seconds after the wind returns to steady state velocity. 
The maximum steady state t r im angle of attack shall be less  than - i 
degree in the absence of winds. 4-s a goal, in the absence of winds the 
small probe shall not exhibit anv tendency to limit cycle o r  oscillate about 
the tr im angle of attack. If such motions do occur they shall not exceed - 2 
degrees half amplitude. 
3.6.5. 1 . 3  Spin Rate During Entry and Descent 
The small probes shall be designed s o  that for  attitudes and rates a t  
entry within the limits specified in Section 3.6.2. 10 the probe spin rate 
shall not exceed 30 rpm at  any time. 
-
3 . 6 . 5 . 2  Mission Termination 
The small probes shall not be required to survive or operate beyond 
the time it reaches the surface of Venus or a radius of 6050 Ian, which- 
ever occurs f irst .  If the probe does survive after reaching the surface, 
scientific measurements w i l l  be made until end of life. 
3 . 6 . 5 . 3  Aeroshell 
3 . 6 . 5 . 3 .  1 Description 
The small probe aeroshell subsystem shall consist of structural ele- 
ments which form the aerodynamic shape during entry, resist  the aerody- 
namic loads during entry, and enclose and support all other small probe 
subsystems (except the heat shield) and scientific instruments throughout 
the mission. 
3 . 6 . 5 . 3 . 2  Capability 
The aeroshell subsystem shall have the capability of maintaining the 
designed aerodynamic shape within mechanical limits which assure that 
hypersonic, transonic and subsonic stability requirements will be met. It 
shall have the capability of providing mechanical support to the heat shield 
subsystem on the exterior of the aeroshell and the other probe equipment 
and instruments on the interior. The aeroshell subsystem shall include 
provisions for venting its internal volume during test, launch, and entry 
to avoid excessive pressure differentials across the aeroshell and shall 
provide two deployment joints and apertures in the forebody to permit deploy- 
ment of the temperature probe and the nephelometer and a third aperture at  
the forward stagnation point for the pressure gauge sensing port. The aero- 
shell subsystem shall also provide an aperture for the communications antenna 
mounted on the pressure vessel. 
3 . 6 . 5 . 3 . 3  Ballistic Coefficient 
The aeroshell shall provide an aerodynamic shape with a hypersonic 
2 ballistic coefficient of TBD f TBD slugslft with the small probe mass at 
the maximum value allocated in Section 3.4. 9.2. 1. The subsonic ball is-  
t ic coefficient shal l  be such that the requirements  of Section 3.6.2. 10.2 
a r e  met .  
3.6.5. 3.4 Rigidity 
The aeroshel l  shal l  have adequate s t ruc tura l  ridigity to  maintain 
the aerodynamic shape within l imits which will a s s u r e  miss ion  success  
and to maintain overal l  probe s t ructural  frequencies above the frequency 
range of probe angle of a t tack oscillation in o rde r  to  minimize possibili- 
t i es  of dynamic coupling. 
3.6.5.3.5 Thermal  Environment 
The aeroshel l  shal l  be compatible with tempera tures  between -40 
0 
and 150 F pr ior  t o  entry. The aeroshel l  shal l  be capable of meeting per-  
formance requirements during entry if the bond line tempera ture  between 
the heat shield and the aeroshel l  i s  maintained below 3 0 0 ~ ~  until a f te r  
en t ry  stagnation p r e s s u r e s  have decreased beIow 0.1 bar ,  and the aero-  
shell  shall  continue to  maintain s t ruc tura l  integrity and alignment 
throughout the descent phase until the end of the nominal miss ion  profile. 
3.6.5.3.6 Provisions f o r  Ground Handling 
The aeroshel l  s t ruc ture  shall  be compatible with being supported by 
a specially designed sling with the forebody facing either upward o r  down- 
ward and with being supported in  a suitably padded support f ixture with 
the forebody down. The sling loads m a y  be applied a t  l e s s  than the maxi- 
m u m  diameter in  order  to  avoid interference between the sling and the 
probe bus when mating o r  demating the sma l l  probe to the bus. 
3.6.5.4 Heat Shield 
3.6.5.4. 1 Description 
The small  probe heat shield subsystem shall  have the capability to 
provide thermal  protection for a l l  other sma l l  probe equipment and sci-  
entific instruments during entry, to control surface e ros ion  and mass loss  
during entry s o  that no significant changes in  probe aerodynamic shape 
occur, to accept appropriate thermal control coatings for protection dur- 
ing other mission phases, to'maintain mechanically sound attachment to 
the aeroshell throughout test and all mission phases, and to permit 
deployment of the temperature sensor after peak heating. 
3.6.5.4.3 Thermal Performance During Entry 
The heat shield subsystem shall limit the temperature of the bond- 
line between itself and the aeroshell during entry to  less than 3 0 0 ~ ~  dur- 
ing the time period that entry stagnation pressures exceed 0.1 bar and to 
less  than 6 0 0 ~ ~  for TBD minutes after stagnation pressures have dropped 
below 0. I bar. 
3.6.5.4.4 Radome R F  Performance 
The R F  attenuation due to the radome shall not exceed 0.2 db at 
frequencies between 2290 and 2300 MHe anywhere within a cone with 65 
deg half angle centered along the aft axis of symmetry of the aeroshell. 
This requirement shall be met  both before and after exposure to entry 
heating. 
3.6.5.4.5 Mechanical Requirements 
The heat shield subsystem materials shall be selected to resist  the 
aerodynamic (shear)  loads and erosion during entry, to withstand without 
permanent deformation the loads which a re  imposed by ground handling 
slings and fixtures, and to  withstand the concentrated loads at the probe 
bus attach points without deformation which i s  detrimental to mission 
success. 
The joint in  the heat shield provided for temperature sensor deploy- 
ment shall maintain thermal integrity during entry and shall not require 
a force greater than TBD pounds for separation after entry. 
The radome shall be capable of withstanding the pressure differen- 
tials imposed across  it during test, launch, entry and descent. 
3.6.5.4.6 Storage and Mission Life 
The heat shield subsystem shall be designed for storage for at  least 
24 months prior  to launch and to withstand the interplanetary cruise prior 
to entry a s  specified in Section 3.6. i. 
3.6.5.6 Pressure  Vessel 
3.6.5.6.1 Description 
The small probe pressure vessel subsystem shall include a pressure 
vessel with windows and ports for scientific instruments, internal struc- 
ture to support the probe electronic subsystems and scientific instruments 
(except the magnetometer sensor),  and external insulation. 
3.6.5.6.2 Capabilities 
The pressure vessel subsystem shall be capable of providing thermal 
protection and a controlled pressure environment throughout the mission to  
the probe equipment and scientific instruments mounted inside it. The 
pressure vessel subsystem shall also provide structural support for inter- 
nally mounted equipment and instruments throughout the mission and shall 
provide viewing and sampling windows or  ports with the fields of view or  
exposure for the scientific instruments as  specified in Section 3.5.3. 
3.6.5.6.3 Pressure  Vessel 
The small probe pressure vessel including windows and penetrations 
shall be capable of withstanding at  least one exposure to  combined pressure 
and ambient temperature profiles equivalent to descent to the surface of 
Venus (6050 h) without catastrophic failure. Permanent deformation of 
the pressure vessel after one exposure to the Venus environment shall not 
be large enough to cause failure of pressure seals ,  internally mounted 
equipment, or scientific instruments except that the pressure vessel shall 
not be required to meet scientific instrument alignment requirements after 
such exposure. 
The p r e s s u r e  vessel ,  i t s  windows, and the sea ls  provided a t  a s sem-  
bly joints shall  be designed s o  that the requirements  of Section 3.5.2.3.3 
(Operating Atmosphere W i t h i n  the P r e s s u r e  Vessel)  a r e  m e t  a f te r  exposure 
of the descent capsule t o  acceptance tes t  environments a s  specified in  Sec- 
tion 4. 0. 
3.6.5.6.4 Structure 
In addition to  the requirements  of Section 3.6.5.6.3 the p r e s s u r e  
vesse l  shall  be designed t o  support the probe equipment and scientific 
instruments  and to  withstand the entry loads and accelerat ion environment 
without permitting damaging mechanical interference. The p r e s s u r e  ves- 
s e l  shall  have sufficient s t ruc tura l  rigidity s o  that scientific instrument 
alignment requirements  a s  specified i n  P V  1006.02 a r e  met  a f te r  exposure 
to  the entry environment and throughout descent t o  the surface (6050 lun). 
The p r e s s u r e  vesse l  internal  s t ruc ture  sha l l  be designed to  support 
the scientific instrument  sensor s  adjacent to  the i r  viewing o r  sensing 
por ts  a s  required in P V  1006.02 and to  pe rmi t  the probe equipment to  be 
a r ranged s o  the probe m a s s  property and center of gravity constraints 
derived f rom stability requirements  a r e  met .  
3.6.5.7 Mechanisms 
3.6. 5. 7. i Description 
The smal l  probe mechanisms subsystem shal l  include the hardware 
t o  at tach and re lease  the probe elements which separa te  o r  deploy during 
entry and descent. 
3.6.5.7.2 Capabilities 
The mechanisms subsystem shal l  be capable of accepting cur rents  
f rom the Electr ic  Power subsystem in  o rde r  to initiate re lease  devices 
to  deploy the tempera ture  sensor  and nephelometer. 
3.6.5.8 Thermal  Control 
3.6.5.8. 1 Description 
The smal l  probe thermal  control subsystem shal l  consist  of thermal  
insulation, heaters ,  phase change material ,  and coatings which in conjunc- 
tion with the heat shield p r e s s u r e  vesse l  provide a controlled thermal  envi- 
ronment throughout the miss ion  for  a l l  probe equipment and scientific 
instruments.  
3.6.5.8.2 Capabilities 
The thermal  control subsystem shal l  be capable of maintaining a l l  
probe equipment and scientific instruments within specified temperature 
l imits throughout the miss ion  except that instruments mounted outside the 
descent capsule will include their  own thermal  control provisions for  the 
period after peak heating during entry.  
3.6.5.8.3 Windows . . 
The thermal  subsystem shal l  maintain the outer elements of the win- 
o dows provided for  scientific instruments a t  l eas t  - 10 C above the ambient 
gases for  the descent t ra jec tory  beginning a t  an  altitude of a t  leas t  75 lun 
and extending to  the end of the nominal miss ion  profile. 
3.6.5.8.4 Equipment Tempera ture  Limits 
The thermal  control subsystem shal l  maintain the probe equipment 
and scientific instruments within the following l imits :  
Probe electronics 
Probe battery (prior  to  entry)  
Probe battery (during entry and 
descent) 
Scientific instruments within 
p ressu re  vessel  
Heat shield and aeroshell  
Scientific instruments external  
to  pressure  vessel  (pr ior  to  ent ry)  
Limits While 
Operating 
(deg F) 
0 to  150 
-
55 t o  90 
5 to  180 
Not applicable 
0 to  150 
Limits , 
Non- Operating 
(deg F) 
-50 t o  150 
Scientific instruments external  to  -4 t o  TBD 
pressu re  vessel  (entry t o  separa-  
tion of aeroshel l)  
3.6.5.9 Electr ical  Power  
3.6. 5. 9. 1 Description 
The smal l  probe e lec t r ica l  power subsystem shal l  consist  of a 
rechargeable  battery,  wiring harnesses ,  and other equipment including 
switching devices to provide and control DC power to  ordnance devices, 
other probe subsystems, and to the probe scientific instruments.  Ord-  
nance firing circui t ry shall  comply with the requirements  of AFETRM 
127-1 where inadvertent actuation of ordnance could h a r m  personnel o r  
adversely affect the bas ic  mission. 
3.6. 5. 9. 2 Capability 
The e lec t r ic  power subsystem shall be  capable of accepting e lec t r i -  
cal  power via the smal l  probe connector and distributing this  power to  
other probe subsystems and probe scientific instruments  s o  that t e s t s  
can be  conducted without discharging the battery.  The electr ic  power 
subsystem shall  be capable of safing, arming,  and firing probe pyro-  
technic devices on command f r o m  the data handling and command sub- 
sys tem and of providing regulated 28 VDC power for  t e s t  and operation 
of scientific instruments  and other probe subsystems. The  electr ic  
power subsystem shall  provide fault isolation to pro tec t  against  shorting 
of conductors in the t e s t  connector and to prevent fa i lures  in any scien- 
t if ic instrument f r o m  degrading the power supplied to  other instruments  
o r  to the probe subsystems. 
3.6.5.9. 3 Voltage Regulation 
The  e lec t r ic  power subsystem shall  provide the  capability required 
in  Section 3.6.4.9.3. 
3.6.5.9.4 Energy Storage Capacity 
The electr ical  power subsystem shall  have adequate energy storage 
capacity so  that during the  nominal mission it shall  be capable of supplying 
power af ter  the l a s t  charge cycle for  a l l  of the following: 
a )  Operation of the coast t imer  for a t  l eas t  30 days. 
b)  Operation of the small  probe and i t s  scientific instruments  
for  a t  l eas t  2 checkout sequences of a t  leas t  5 minutes 
duration each, including operation of the  t ransmi t te r  
a t  full power for  a t  leas t  - 1 minute during each checkout. 
C) Operation of any hea ters  required during the period 
between launch and entry including thermal  control 
for  the  coast  t i m e r  and the  bat tery in par t icular .  
d )  Operation of the probe subsystems commencing 
15 i 5 minutes pr ior  to  entry in o rde r  to  provide 
checkout and calibration data. 
e )  Operation of a l l  scientific instruments  beginning 
15 * 5 minutes pr ior  to  entry and continuing until the 
-
end 07 the nominal mission. At l eas t  TBD W steady 
s tate  power shall be available for  this  purpose with 
a t  leas t  TBD W available during the period between 
entry and deceleration to  subsonic speeds. 
f )  Operation of the window hea te r s  in order  to  meet  
the requirements  of Section 3.6.5.8. 3. 
g )  Operation of a l l  probe subsystems a s  required to 
meet  the i r  functional requirements  (including warmup 
a s  required)  throughout entry and descent until the 
end of the nominal mission. 
3.6.5.9.5 Tempera ture  Limits 
The e lec t r ic  power subsystem i s  required to  provide power through- 
out the mission, beginning several  days  before launch when the coast 
t imer  will be initialized. The electr ic  power subsystem shall  be  compati- 
ble with operation in the thermal  environment existing within the l a rge  
probe during prelaunch, launch, interplanetary cruise ,  f r e e  flight before 
entry,  entry, and descent mission phases.  
3.6.5. 9.6 Life 
The electr ic  power subsystem and the  battery in par t icular  shall  be  
capable of meeting al l  requirements a f te r  being stored within the small  
probe for  - 4 months, being exposed t o  the effects of smal l  probe and space- 
c raf t  acceptance t e s t  environments p r io r  to  launch, and being subjected 
to the effects of the launch, cruise ,  entry and descent environments. 
3.6.5.9. 7 Faul t  Protect ion 
The electr ic  power subsystem shall  provide an individually fused 
branch circuit  fo r  each scientific instrument. Diode isolation and fusing 
shall  be provided to protect  against effects of shorting any power conductor 
which penetrates the descent capsule p r e s s u r e  vessel  and any conductor 
which is disconnected in flight. The ba t te ry  shall be protected f r o m  the 
effects of shorting in any electro-explosive device initiator. 
3.6.5. 10 Data Handling and Command Subsystem 
3.6. 5. 10. 1 Description 
The  data handling and command (DHC) subsys tem shall  include 
redundant "g" switches t o  s e n s e  entry,  a coast  t i m e r  t o  control  events 
p r i o r  t o  entry,  a descent t i m e r ,  engineering t ransducers ,  and an  elec-  
t ron ics  assembly  to  accept,  p r o c e s s ,  s to re  ( a s  necessary) ,  and encode 
engineering and scientif ic data for  t ransmiss ion  to  ear th .  
3.6.5.10.2 Capability 
The  DHC subsys tem shal l  provide the capability required in 
Section 3.6.4.10.2. 
3.6.5.10.3 Stored Command Sequences 
The  DHC subsys tem sha l l  provide the capability required in 
Section 3.6.4.10.3. 
3.6. 5. 10.4 Data Handl ing 
a. Outputs to  Scientific Inst ruments  
In addition t o  the s tored  commands required in  Section 3.6. 5.10.3. 
the  DHC subsys tem shal l  m e e t  the  requi rements  of Section 3.5. 3. 
b. Inputs f r o m  Scientific Inst ruments  
The  DHC subsys tem shal l  meet  the requi rements  of P V  1006. 02, 
a r r a n g e  the data in fo rma t  ( o r  fo rma t s  a s  appropria te)  along with suffi- 
cient t iming and identification data  so  that data f r o m  each input f r o m  the 
scientif ic ins t ruments  can b e  identified uniquely and can be reconstructed 
a s  a t ime-re la ted  data s t r eam.  The  s ta tus  of an  on-board clock signal 
shal l  b e  included in  the da ta  fo rma t  a t  l eas t  once every  TBD seconds so  
that  t he  re la t ive t iming of da ta  samples  occurr ing a t  any t ime  during the 
en t ry  and descent  sequence can  b e  established to  within f 0.2 second even 
if downlink communications a r e  temporar i ly  interrupted during data 
t ransmiss ion .  
3.6.5. 10.5 Data Output Signals 
The DHC shal l  provide two se r i a l  digital data  signal outputs a s  
follows : 
a )  The pre-encoded output routed to the probe t e s t  connector 
shall be N R Z - L  a t  information bit r a t e s  of T B D  bps. 
b)  The post-encoded output t o  the  probe communications 
system shall  be  a bi-phase modulated squarewave sub- 
c a r r i e r  a t  an amplitude determined by the modulation 
index requirement of the t ransmi t te r  and an information 
bit r a t e  of T B D  bps. The  subca r r i e r  frequency shall be 
between 16 and 40 k H z .  The variation in the average 
output squarewave t ime  period shall  be  l e s s  than 0.5 
percent (short  t e r m  phase stability). Rate  = 112. 
k = 32 convolutional coding shal l  be  used for  this  bit 
s t ream. 
The data (information) contained in each of the above se r i a l  digital 
data signal outpdts shall  be identical. P r o b e  engineering data may be 
included in this bit s t r e a m  on a "space available" bas is  af ter  a l l  of the 
data f r o m  the scientific instruments has  been accommodated along with 
the required timing and identification data. 
r; ' 
3.6. 5.10.6 Format  Rearrangement I;:;< ,rr 
: ll; 
The D H C  subsys tem shall pmovide:dhe capability of rearranging the 
? . . '? .-. 
word allocation in  the scientific format  by minimum hardware changes 
such that no requalification and a minimum of r e t e s t  a r e  required. 
3.6. 5.10. 7 Signal Buffering 
Signal and data l ines  shdll be  buffered such that an open-circuit o r  
short  circuit  failure of any given line external  t o  the D H C  subsystem 
shall  not resul t  in the los s  o r  failure of other  signals o r  data lines. 
3.6.5.10.8 Operating Modes 
The D H C  subsystem shall provide the capability to  operate  the 
small  probe and i t s  scientific instruments  in a t  leas t  the following modes 
a) Tes t  modes using external commands routed to the D H C  
subsystem via the smal l  probe t e s t  connectors. It shall 
be possible to turn on and operate  the scientific instru-  
ments  individually o r  in  any combination up to  the maxi- 
mum capability required in flight. It shall  be possible 
to operate the probe subsystems and scientific instru-  
ments  on either internally o r  externally supplied power. 
It shall  be  possible to control individual probe units 
including the t ransmi t te r  in  par t icu lar  in o rde r  to  
facilitate testing and to  provide diagnostic capability. 
Battery checkout and charging shall  be included a s  p a r t  
of the t e s t  modes. In at l eas t  one t e s t  mode i t  shall  be  
possible to cycle through the entire (120-day) launch 
and coast mode sequencein  an accelerated fashion using 
an externally supplied clock signal. 
b) Launch and coast mode. This mode shall  be entered 
when the coast mode t i m e r  i s  initialized. I t  shall be 
possible to  verify operation and proper  initialization 
of the coast  mode t i m e r  via the t e s t  connectors while 
in  this mode. It shall  a l so  be  possible to command 
the  probe out of this  mode via the tes t  connector and 
cause  i t  t o  en ter  o ther  modes including the t e s t  modes 
in par t icular .  No hardware change shall be  required 
to  initialize the coast  t i m e r  and enter  the launch and 
coast  mode. 
C )  P o s t  r e l ease  checkout mode. This mode shall  be 
entered on command f r o m  the coast t i m e r  and shall  
cause the probe subsystems and scientific instruments  
to  be  energized and operated in a manner so  that their  
health and s tatus  can b e  assessed  p r io r  to  entry. 
d )  P re -en t ry  mode(s). This  mode o r  se t  of modes shall  
be  entered on command f r o m  the coast  t imer.  Sequen- 
t ia l  power switching to  heaters ,  other probe equipment. 
and the scientific instruments  shall be  provided a s  
required to  a s s u r e ,  p r io r  to  entry, that tempera tures  
of the equipment and instruments  have reached the 
values required fo r  successful operation. 
e )  Entry modes. These  modes shall  be  entered only a s  a 
resul t  of sensing entry acceleration a s  required in 
Section 3.7.13.3 o r  in response to specific tes t  com- 
mands received v ia  the t e s t  connectors. These  modes 
shall  provide fo r  control and sequencing of probe sub- 
sys tem equipment including the firing of pyros  to  con- 
t r o l  separation and deployment, and fo r  control and 
sequencing of the scientific instruments  via the stored 
commands required in Section 3. 5.4.6. The  entry 
modes shall  control a l l  probe and instrument  opera-  
t ions between ent ry  and the  end of mission. 
3.6.5.10.9 Spurious Commands 
The DHC subsystem shal l  operate in a manner  which shall  prevent 
unintentional and potentially damaging commands f r o m  being issued to  
other probe subsystems o r  to the  scientific instruments  a t  any t ime and 
part icular ly when power i s  turned on to the  DHC subsystem o r  during 
subsequent power t ransients  within the l imits  prescr ibed  in Section 
3.7.12.3. 
3.6.5. 1 1 Communications 
3.6.5. 11.1 Description 
The  small  probe comm~nica t ions  subsystem shall  consist  of a 
t ransmi t te r  dr iver ,  a power amplifier,  an antenna, instrumentation to 
m e a s u r e  performance,  and a stable oscil lator.  
3.6. 5. 11.2 Compatibility 
The communications subsystem shall  be  compatible with other 
probe subsystems with the  DSN a s  specified in P V  1006.03. 
3.6.5.11.3 Capability 
The  communications subsystem shal l  have the capability to: 
a )  Radiate a PSK/PM radio signal to  enable radio acquisi-  
tion of the small  probe by the DSIF stations. 
b)  Telemeter  to  the DSIF scientific and engineering data  
a s  generated by the  data handling and command 
subsystem. 
3.6.5.11.4 Suppression of Spurious Frequencies  
The  subsystem shall  contain sufficient fi l tering so  that the power of 
spurious frequencies in the  t ransmi t te r  output, including c a r r i e r  harmon- 
ics ,  shall  be  m o r e  than 40 dB below the  level of the  unmodulated c a r r i e r  
a s  measured a t  the  input to  the antenna. 
3.6.5. 11.5 Stable Oscillator Per formance  Requirements  
T BD 
3.6.5.11.6 Transmi t t e r  Design 
a. Frequency Control 
The  t ransmi t te r  c a r r i e r  frequency shall  b e  controlled by the stable 
oscil lator.  
b. P h a s e  Stability 
When operating with a phase coherent t e s t  rece iver  having the char -  
ac ter i s t ics  specified below, the probe t r ansmi t t e r  d r ive r  and power ampli 
f ie r  shall  meet  the following requirements:  
1) The phase stability of the unmodulated c a r r i e r  measured 
a t  the output of the t ransmi t te r  d r ive r  shall  cause no 
m o r e  than TBD degrees  r m s  or  TBD degrees  peak 
phase e r r o r .  
2) The  power amplifier shall  add no m o r e  than TBD degrees  
r m s  phase e r r o r  to the above value, 
The t e s t  rece iver  shall have a strong signal double side bandwidth (2BL) 
of 12 Hz o r  l e s s  and a high frequency cutoff of 1 kHz o r  more.  The  t e s t  
rece iver  shall  have a self- test  mode to establish i t s  contribution to the 
measured phase e r r o r ;  the contribution shall  be  l e s s  than TBD degrees  
r m s .  The phase e r r o r  attributed to the spacecraf t  shal l  b e  calculated by 
the root sum square method. 
c. Power Amplifier 
The minimum power output f r o m  the  power amplifier including the  
effects of supply voltage variation with the l imi ts  required in Section 
3.6.5.9.3 shall  be  adequate to  a s s u r e  that the EIRP requirements  of 
Section 3. 6. 5. 11.8 a r e  met.  
d. Modulation Index 
The modulation index shall  be  adjustable between 0.9 and 1.2 radians 
by minor changes of components in the t ransmi t te r  dr iver .  The flight 
value selected for  the modulation index shall  b e  within this  range, shall be 
adjusted p r io r  to  acceptance testing of the t ransmi t te r  d r ive r ,  and shall  
remain  within f 0.05 radian of the selected value. 
3.6.5.11.7 Antenna 
a. Antenna Polarization 
The polarization of the antenna for  t r ansmi t  signals shall be right- 
hand circular .  
b. Antenna Beamwidth 
The t ransmission beamwidth of the  antenna shall  not be l e s s  than 
130 degrees  a s  measured a t  the -3 dB points over  the  frequency range of 
-
2.1 to  2.3 gHz. Antenna gain a t  any angle within the 65 degrees  (half 
angle) cone surrounding the  aft  axis of symmetry  of the sma l l  probe shall  
be adequate to a s s u r e  that  the EIRP requirements  of Section 3.6.5.11.8 
a r e  me t  with t r ansmi t t e r  power amplifier operating a t  minimum output 
power. 
3.6.5. 11.8 Pe r fo rmance  
During the nominal mission the probe shall  have a minimum effec- 
t ive isotropic  radiated power (ELRP) fo r  the following ea r th  aspect  angles: 
EIRP 
dBm 
-
( a )  STBD 
Ear th  Aspect Angle 
(Degrees)  
180 to  115 
3.6.6 Orbiter Spacecraft  Per formance  Requirements 
3.6.6. 1 Structural  Requirements 
3.6.6. 1.1 General Requirements 
The orb i te r  s t ruc tu res  subsystem sha l l  provide f o r  the support and 
alignment of the other o rb i t e r  subsystem equipment and the o rb i t e r  scien- 
tific instruments.  
3.6.6. 1.2 Compatibility 
The orb i te r  s t r u c t u r e s h a l l  be compatible with the Atlas Centaur 
launch vehicle a s  specified in  Section 3. 2. 1, and with the scientific ins t ru-  
ments  a s  specified in Section 3. 5.4. 
3.6.6.1.3 Alignment 
Provision sha l l  be provided fo r  init ial  alignment of attitude sensors .  
communication antennas, attitude control and AV t h r u s t e r s ,  and scientific 
instruments t o  a common spacecraf t  datum. The init ial  alignment and 
subsequent alignment stabili ty throughout the miss ion  (except during 
launch) sha l l  be adequate fo r  the spacecraf t  t o  m e e t  the  requirements  of 
Sections 3.6.6.3, 3.6.6.4, and the scientific instrument  pointing require-  
ments  of P V  1006.02. 
3.6.3. 1.4 Rigidity 
The s t ruc tura l  r igidity of the spacecraf t  shal l  be in  accordance with 
the requirements  of Section 3.4.9.5. 
3.6.6. 1. 5 Vibration Amplification 
The vibration amplification in the vicinity of the scientific ins t ru-  
ments  on the probe bus sha l l  not exceed the ra t ios  given in  Table 3.6-2. 
Vibration amplification is defined a s  the ra t io  of the accelerat ion experi-  
enced a t  the point of in t e re s t  t o  the input accelerat ion due to  p r i m a r y  loads 
during powered flight a t  the mechanical interface between the launch vehi- 
cle and the spacecraf t .  
Table 3.6-2. Maximum Vibration Amplification 
a t  Probe  Bus Scientific Instrument 
Mounting Locations 
Vibration Axis Frequency (Hz) Ratio 
Thrust  10 to 30 4 
30 to  100 13 
100 to 130 4 
130 to  2000 
Lateral  1 to  100 10 
100 t o  2000 2 
Torsional  (same a s  lateral) I 
Note: Amplification rat ios  on the equipment compartment side panels 
in  the  30 to  100 Hz range in the thrust  axis and the 1 t o  100 Hz 
range in  the l a t e ra l  and tors ional  axes may  exceed the l isted 
values within narrowband frequency ranges. The bandwidths 
wherein the rat ios  may  exceed the  l is ted values shal l  be l e s s  
than 0.2 t ime the center band frequency. 
3.6.6. 1.6 Weight, Balance, and Lnertia 
The orbi ter  s t ruc ture  shall  be designed so  a s  to pe rmi t  mounting 
of subsystems and the scientific instruments in position to insure  proper  
weight, balance, and iner t ia l  character is t ics  compatible with a l l  space- 
craf t  subsystems, the scientific instrument scan  requirements  and launch 
vehicle payload res t ra in ts .  
3.6.6.1.7 P r i m a r y  Loads 
The orb i te r  s t ructure,  including all appendages shal l  withstand the 
p r imary  loads specified below without incurring any damage. 
a)  Handling and shipping loads in accordance with Section 
3.4.10. 1. 
b) Aerodynamic loads encountered during spin balance opera- 
t ions a s  required in Section 4.0. 
c )  Loads due to s t ructural  and acoustic excitation during 
launch a s  specified in P V  1006.04. 
d)  Loads due to the nominal 60 RPM spin r a t e  and to  s t ruc tura l  
excitation during thrusting of the solid rocket motor  fo r  
orbi t  insertion. 
3.6.6. 1.8  Engineering Telemetry  
The condition of all deployable appendages (stowed o r  deployed) and 
of the launch vehicle/spacecraft  interface (attached o r  separa ted)  shal l  
be contained in the engineering te lemetry  data. 
3.6.6. 1.9 Provisions fo r  Ground Handling 
At leas t  t h ree  h a r d  points shal l  be provided on the orb i te r  s t ruc ture  
fo r  attachment of handling, measuring, and shipping equipment. 
3.6.6.2 Electr ical  Power Subsystem 
3.6.6.2. 1 Description 
The orb i te r  e lec t r ica l  power subsystem shall  consist  of a so la r  
a r r ay ,  power controls,  a battery,  fault protection devices,  regulators ,  
converters ,  and power cabling. 
3.6.6.2.2 Capability 
The electr ical  power subsystem shall  have the capability of d is t r i -  
buting the design power to  the orb i te r  subsystems and scientific instru-  
ments a s  required, including during so lar  eclipses,  converting and regu- 
lating the voltage a s  required, and protecting the subsystem, other sub- 
systems,  and the scientific instruments f rom momentary o r  prolonged 
overloads o r  undervoltage conditions. 
3.6.6.2. 3 Design Power 
The e lec t r ica l  power subsystem shall  provide the capabilities 
required in  Section 3.6.3.2. 3. 
The so lar  a r r a y  shal l  be sized to provide the design power f o r  a l l  
nominal spacecraf t  c ru i se  attitudes a s  specified in Section 3. 6. 6. 3. 2. 
The bat tery may be used to supplement the so lar  a r r a y  output when off- 
nominal maneuver attitudes a r e  required. The bat tery sha l l  be capable 
of providing the design power during eclipses of up to 0. 5 hours  duration 
-
throughout the nominal mission profile. 
The e lec t r ica l  power subsystem shal l  be capable of providing ade- 
quate e lec t r ica l  power s o  that the spacecraft  can be p recessed  to  any 
nominal maneuver attitude, remain the re  f o r  2 hours, and p recess  back 
to c ru ise  attitude without exceeding percent depth of discharge on the 
battery.  The e lec t r ic  power subsystem shal l  be capable of providing 
adequate electr ical  power s o  that the spacecraf t  can be precessed  to the 
orbit  insertion attitude with the sun a t  60 i TBD deg f r o m  the spin axis 
and remain  in that attitude for  a t  l eas t  - 40 hours.  The scientific instru-  
ments  m a y  be  operated a t  reduced power throughout the maneuver 
sequence in  o rde r  to  mee t  these requirements.  
3.6.6.2.4 Power Bus Voltage Regulation 
The e lec t r ica l  power subsystem shal l  automatically control the 
power bus voltage to  28 VDC +2 percent except during power switching 
t ransients .  Regulation shall  be achieved by shunting a r r a y  power in  
excess of load requirements o r  by discharging the bat tery through a 
regulator when load power exceeds the a r r a y  capability. Power f o r  
using bus subsystems shal l  be fur ther  conditioned by the electr ical  
power subsystem to provide voltages other than 28 VDC. 
3.6.6.2.5 Overload Protection 
If a t  any t ime the load exceeds the power source capability then a 
portion of the load shall  be disconnected, preferably in  the following 
s teps with suitable delays between steps: 
a )  All scientific instruments 
b)  A l l  switched loads except the S-band t ransmi t te r  ampl i f ie rs  
C )  S-band t ransmi t te r  amplif iers .  
The overload shal l  be sensed by a drop in power bus voltage below 26 VDC 
*0.05 percent and shall  include delay c i rcu i t s  to prevent inadvertent function- 
ing due to  momentary transients.  The capability t o  overr ide the overload 
protection by ground command shall  be provided. 
3.6.6.2.6 Fusing of Circuits for  Scientific Instrument Power 
The orb i te r  sha l l  provide an  individually fused branch circui t  for  
each scientific instrument. The fuses  fo r  the scientific instruments sha l l  
be located in  a module separate  f r o m  orbi te r  subsystem fuses and shal l  be 
easily accessible  fo r  replacement. F u s e  sizing shal l  be in  accordance 
with P V  1006.02 and shall  be subject to approval by ARC/PPO. 
3.  6. 6. 3  Orbiter  Attitude Control 
3 . 6 . 6 . 3 .  1 Description 
The attitude control subsystem consists of electronic control a s s e m -  
blies,  s enso r s ,  th rus ters ,  fuel tanks, fuel lines, hea ters  ( i f  required),  
and instruments  for measuring the subsystem performance. In addition to 
Performing the functions required for  attitude control, this subsystem 
hardware shall  a l so  be used to implement the velocity control capability 
required in Section 3.6.6.4. The orbi ter  attitude control subsystem 
includes the dr ives  and associated electronics for the gimballed r a m  plat- 
f o r m  and the gimballed r a d a r  a l t imeter  antenna. 
3 . 6 . 6 . 3 . 2  Control Capability 
The attitude control subsystem shall  be the capability for:  
a )  Adjusting the init ial  spin ra te  a f te r  separation f rom a spin 
speed of 2 r p m  counterclockwise (viewed f rom in front of 
the nose of the launch vehicle) to the nominal c ru i se  spin 
r a t e  of 4.8 rpm. 
b) Adjusting intermittently the spin ra te  by ground command 
during the nominal flight profile to  c o r r e c t  for the effects of 
thrus ter  misalignment and other sources of disturbance 
torque. A capability fo r  adjusting the spin speed during the 
miss ion  by at l e a s t  20 i p m  shall  be  provided. 
C )  P recess ing  the spin axis  intermittently by ground command 
during the nominal interplanetary flight profile in o rde r  to 
maintain spin axis  pointing in the desired attitudes relative 
to the ear th  and sun. A capability to  p recess  the spin axis 
at leas t  500 degrees  shall  be  provided to mee t  this require-  
ment. Except during maneuvering periods,  the nominal 
spacecraft  attitude during orbital  operation shall  be with the 
spin axis  normal  to  the earthline, and normal  to the Venus 
orbit plane a s  measured  in a plane perpendicular to  the 
earthline. 
d )  Changing the attitude of the spacecraf t  by ground command 
to that required to per form the number of midcourse velo- 
city correct ions necessa ry  to achieve a r r i v a l  in the vicinity 
of Venus a t  the des i red  t ime and a t  the desired position and 
velocity. A precessional  capability of a t  l e a s t  500 degrees  
shal l  be provided to  mee t  this requirement. Capability shall  
be provided to p recess  to any inertial  attitude with the sun 
in the forward hemisphere and up to  95 degrees f r o m  the 
forward spin axis. 
e )  Changing the attitude of the spacecraft by ground command 
to that required for the orbit insertion velocity adjustment, 
and increasing the spin speed to 6 0  * 1 rpm prior to  solid 
rocket motor firing. A precessional capability of at least 
70 deg shall be provided to meet this requirement in addi- 
tlon to the above spin rate changes. 
f )  Adjusting the spin speed by ground command back to the 
nominal cruise spin rate after the orbit insertion velocity 
maneuver and precessing the spacecraft by ground com- 
mand back t o  the nominal attitude used for science data 
acquisition in orbit. A precessional capability of at  least 
80 degrees and a spin rate change capability of at  least 90 
-
rpm shall be provided to meet this requirement. 
g) Changing the attitude to that required for orbit adjustment 
and periapsis maintenance maneuvers a s  required in Sec- 
tions 3 . 6 . 1 . 3 . 5  and 3 . 6 .  1 . 3 . 6 .  A precessional capability 
of at least 400 degrees shall be provided to  meet this 
requirement. 
h) Adjusting the spacecraft velocity by firing one or  more of 
the attitude control thrusters.  
i ) Controlling the angular positions of the r a m  experiment 
platform and the radar altimeter antenna relative to the 
spacecraft main body in  order to meet experiment pointing 
requirements. 
3 . 6 . 6 . 3 . 3  Hardware Design 
The orbiter spacecraft shall provide the same capabilities as  
required in Section 3 . 6 . 3 . 3 .  3. 
3. 6. 6. 3. 4 Thrust Control 
The orbiter spacecraft shall provide the same capabilities as required 
in Section 3. 6. 3. 3. 4. 
3. 6. 6. 3.  5 Spin Rate 
The orbiter spacecraft shall provide the same capabilities as required 
in Section 3. 6. 3. 3 .  5 .  
3. 6. 6. 3. 6  Spin Control 
The orbiter spacecraft shall provide the same capabilities as required 
in Section 3. 6 .  3. 3. 6 .  
3 . 6 .  6. 3. 7  Spacecraft Dynamics 
The orbiter spacecraft shall meet the requirements of Section 3 .6 .3 .3 .7 .  
3. 6. 6.3. 8 Attitude Control  and Stability 
The orb i te r  spacecraf t  shal l  mee t  t he  requi rements  of Sec- 
t ion 3.6.3. 3.8. 
3.6. 6. 3.9 Propuls ion 
The  orb i te r  spacecraf t  shal l  provide the capability required in  
Section 3.6.3.3.9. 
3.6. 6. 3. 10 Spin Axis Attitude Determination f o r  Science Data 
Reconstruction , , 
3. 6. 6. 3. 10. i Spin Axis Orientation 
The orb i te r  spacecraf t  shal l  be designed and balanced s o  that the t rue  
spin ax is  a f te r  any wobble motion h a s  been damped sha l l  be  within - 1 degree  
of a spacecraft-fixed re fe rence  line throughout the nominal miss ion  prof i lc  
with the spacecraf t  in i ts  no rma l  (deployed) orbi ta l  configuration. The 
des i r ed  alignment of the scanning scientif ic ins t ruments  sha l l  be maintained 
o r  a t  l e a s t  cal ibrated to  within *0 .  5 degree  relative to the spacecraf t  fixed 
- .  
re fe rence  line. 
3. 6. 6 .  3. 10 .2  Attitude Determination Accuracy 
The o rb i t e r  spacecraf t  shal l  provide the capability to  de te rmine  the 
attitude of the  spacecraft-fixed reference l ine a t  any t ime during the orbi ta l  
portion of the nominal miss ion  profile when the spin axis  i s  nominally per -  
pendicular to  the Venus orb i t  plane except during o r  within 2 hours  a f te r  a 
velocity o r  attitude adjustment  maneuver  h a s  been completed. A capability 
of determining this at t i tude to within a t  l ea s t  - 3 degrees  (3 u) shal l  be pro-  
vided throughout the n o m ~ n a l  miss lon prof i le  and a s  a goal, accurac ies  of 
1 degree  sha l l  be possible.  
- 
3.  6. 6 .  3. 10. 3 Data Process ing  
Use  of ground data  processing i s  encouraged ra ther  than increasing 
complexity of the on-board spacec ra f t  equipment to m e e t  the attitude de te r -  
mination requirement,  but the requi rements  of Section 3.4.5. 1 shal l  be 
observed. 
3.6. 6. 3. 11 Experiment  Gimbals 
a )  Description.  The orb i te r  at t i tude control  subsys tem shal l  
include a n  electromechanical  d r ive  to  support  and position 
the r a m  experiment  platform, a second electromechanical  
d r ive  to  support  and position the r a d a r  a l t ime te r  antenna,  
and e lec t ron ics  to  control  and supply cu r r en t  t o  the  d r ive  
mo to r s  a s  well a s  t o  st imulate and readout angular  position 
s e n s o r s  in  the dr ives .  
b )  Capability. The r a m  platform d r ive  shal l  be capable of 
withstanding t e s t  and launch environments;  and of orienting 
the r a m  platform a s  required to maintain  the r a m  ins t ru-  
men t s '  al ignment within *lo deg rees  of the r a m  velocity 
vector  once p e r  spacecraf t  revolution a t  a l t i tudes  l e s s  than 
500 km during each per iaps i s  pass.  The r a d a r  a l t ime te r  
-
dr ive  shal l  have the capability of positioning the r a d a r  alt im- 
e t e r  antenna so  that  i t s  e lec t r ica l  boresight  will sweep 
through the spacecraf t  nadir  point once p e r  spacecraf t  revolu- 
tion a t  per iaps i s .  Each  dr ive  shal l  provide detent holding 
torque when not energized so  that  exper iment  pointing will 
not be a l t e r ed  during normal  orbi ta l  operation except when 
the dr ive  m o t o r s  a r e  energized and commanded to  change 
position. Each  d r ive  shal l  include provision to  r ead  out i ts  
angular position, and the position signals shal l  b e  included 
i n  the  engineering te lemet ry  a t  a l l  t i m e s  whether  o r  not the 
d r ive  m o t o r s  a r e  energized. 
3.6.6.4 Velocity Control  
3.6. 6.4. 1 Description 
The hardware  used to implement  the  spacecraf t  velocity control 
functions i s  included a s  p a r t  of the att i tude control  subsys tem a s  specified 
in  Section 3.6.6.3. 
3.6. 6.4. 2 Capability 
The attitude control  subsys tem shal l  have the capabillty for  adjusting 
spacecraf t  velocity a t  any  t ime f r o m  5 days a f te r  launch until termination 
of the nominal miss ion (a f te r  243 days in Venus o r b ~ t ) .  Capability sha l l  be  
provided to make velocity adjustments  a t  l e a s t  once every  2 days in o rde r  
- 
to c o r r e c t  for the injection e r r o r s  induced by the launch vehicle a s  specified 
in  P V  1006.04 to  c o r r e c t  for  velocity e r r o r s  introduced by the spacecraf t  
sys t ems  themselves  a t  the t ime  of velocity adjustments ,  and to provide 
orbi t  adjustment and per iaps i s  maintenance capability a s  requi red  in 
Sections 3. 6. 1. 3. 5 and 3. 6. 1. 3. 6 .  
No spacecraf t  capability shal l  be  required to  c o r r e c t  for e r r o r s  in 
t racking data a t  t h e t i m e  of velocity cor rec t ion  beyond that  inherently pro- 
vided by the att i tude control  and thrus te r  f ir ing capabil i t ies required in  
Section 3.6. 6. 3 and the tota l  velocity change capabil i t ies required in  
Section 3. 6.6.4. 3. 
3.6. 6 .4 .3  Propel lant  Capacity 
The design shal l  provide for  sufficient propellant capacity to permi t  
the spacecraf t  velocity to  be adjusted by a t  l ea s t  10 m e t e r s / s e c  p r io r  to 
orbi t  inser t ion  and to provide the specific velocity adjustment  capabil i t ies 
required i n  Section 3.6. 1. 3. 5 and in Section 3.6. 1. 3.6. 1. 
3.6.6.5 Orb i t e r  Communication Subsystem 
3.6. 6. 5. 1 Descr ipt ion 
The communications subsys tem consis ts  of r ece ive r s ,  t r ansmi t t e r  
d r ive r s ,  power ampl i f ie rs ,  switches, f i l ters ,  d iplexers ,  antennas, 
coaxial l ines ,  hybrid couplers ,  and inst rumentat ion to  m e a s u r e  
performance.  
3.6.6. 5. 2 Compatibility 
The communication subsys tem shall  b e  compatible with other space- 
c ra f t  subsystems and the DSN a s  specified in  P V  1006.03. 
3.6.6. 5.3 Capability 
The o rb i t e r  spacecraf t  shal l  m e e t  the  requi rements  of Section 3.6.3.5.3.  
3.6.6.5.4 Subsystem Design 
3.6.6.5.4.1 Redundancy 
The communication subsys tem shal l  m e e t  the  genera l  requirements  
of Section 3.4. 1 and i n  par t icu la r  shal l  be designed with maximum redun- 
dancy within the overa l l  constra ints  of spacecraf t  and mis s ion  profile. 
As a minimum the subsystem shall  have two t r ansmi t t e r  d r i v e r s ,  two 
power ampl i f ie rs ,  and two rece ivers .  
3.6.6.5.4.2 Switching 
The o rb i t e r  spacecraf t  sha l l  m e e t  the  requi rements  of Sections 
3.6.3.5.4.2 a n d 3 . 6 . 3 . 5 . 4 . 3 .  
3.6.6.5.5 Receiver and Conscan P r o c e s s o r  Design 
The orbi ter  spacecraf t  shall meet  the requirements  of Sec- 
tion 3.6. 3. 5. 5. The Conscan processor  shall  include the capability to  
measure  the amplitude and phase of the signal gano modulation produced 
when the spacecraft  spin axis i s  pointed slightly away f r o m  ea r th  in  o rde r  
to measure  the direction of the spin ax is  pointing relative to  the earth.  
3. 6.6.5.6 Transmi t te r  Design (Transmi t te r  Dr iver  Plus  Power 
Amplifier) 
The orbi ter  spacecraf t  shall m e e t  the requirements  of 
Section 3.6.3.5.6. 
3.6.6.5.7 - Orbiter Antennas 
3.6.6.5.7, 1 Description 
The orbi ter  spacecraf t  antenna subsystem shall  consist  of one o r  
m o r e  omni directional antennas to give essentially spherical  coverage, 
one directional (high gain) antenna mounted on the forward portion of the 
spacecraft ,  and an  aft  facing medium gain antenna. 
3.6.6. 5. 7. 2 Beamwidth 
The 3db beamwidth of the high gain antenna shall  be a t  leas t  TBD 
degrees.  The 3 db beamwidth of the medium gain antenna shall  be a t  
leas t  TBD degrees.  The high gain antenna shall  have i t s  p r imary  pattern 
directed along the forward spacecraft  spin axis and shall  have the capa- 
bility on command of squinting the pat tern TBD degrees  off the spin axis  
for use with the Conscan processor  to make  spin axis  attitude measure -  
ments.  An auxiliary feed o r  antenna m a y  be  used to  produce a second 
squinted pattern r a the r  than squinting the main pattern. 
3.6.6. 5.7.4 Omni Coverage 
The omni antenna coverage with the interconnection to the two avai l  
able rece ivers  shall  have a compatible pattern with effective gains a s  
follows : 
Minimum Effective Gain Ear th  Aspect Angles 
(dBi) (deg) 
- 2 0-180 
- 1 0 -160 
3.6.6.5.8 Communications Subsystem Performance - Uplink 
The uplink sys t em sha l l  be capable of receiving commands for  the 
conditions specified below and f o r  the modulation index a s  specified in 
PC 322.00, with a bit e r r o r  probability no g rea te r  than 1 0 - ~  a s  measured  
a t  the output of the spacecraf t  command detection equipment. 
3.6.6.5.8. i Powered Flight 
There  is no requirement  fo r  uplink communication capability during 
powered flight. 
3.6.6.5.8.2 Pos t  Launch 
The orb i te r  spacecraf t  shal l  be capable of receiving a signal having 
a total  power density a t  the spacecraf t  of -45 dbm per  square  m e t e r  when 
in any attitude relative to  the  spacecraf t /ear th line a f te r  separation f rom 
the launch vehicle. 
3.6.6.5.8.2 Cruise  and Orbital  Operation 
During the nominal flight mission, the orb i te r  spacecraf t  shal l  be 
capable of receiving a signal having the total power density given below 
fo r  the  directions indicated: 
Power Density Ear th  Aspect 
(dbm p e r  square m e t e r )  (den) 
- 108 0 to 180 (omni) 
T BD 0 * TBD (high gain) 
T BD 180 * T BD (medium gain 
3.6.6.5.9 Communications Subsystem Performance - Downlink 
3 . 6 . 6 .  5.9. 1 Powered Flight 
T BD 
3 . 6 . 6 .  5.9. 1 Flight 
During the nominal flight mission a f t e r  separation f r o m  the launch 
vehicle, the spacecraf t  shall be capable of transmitting not l e s s  than the 
following total EIRP in the direction indicated: 
Total EIRP 
(dbm) 
Ear th  Aspect Angle 
(deg) 
0 to  180 ( f i r s t  185 days)  
180 * TBD (f i r s t  TBD days) 
0 to 180 ( > 185 days)  
0 * TBD ( >TBD days)  
180 * TBD ( > T B D  days)  
3 .6 .6 .5 .  10 Telemetry 
Telemetry data f r o m  the spacecraft  shal l  contain information about: 
a )  The s tatus  of the communication subsystem such a s  switch 
position and signal present  i n  ei ther  receiver .  
b) Performance  of the commuaication subsystem such a s  tem- 
pera tures  of cr i t ical  components; receiver  signal strength 
and s tat ic  phase e r r o r ;  p.ower amplifier voltages, cur rents  
and output power; and pointing control equipment voltages, 
cur rents ,  and e r r o r  signals. 
3 .6 .  6 .6  Orbiter  Data Subsystem 
3 .6 .6 .6 .  1 Description 
The orbi ter  data subsystem consists of a digital te lemetry unit 
(DTU) and three data storage units (DSU). 
3.6 .6 .6 .2  Capability 
The data subsystem shall provide the capability for :  
a )  Supplying, a s  required, t iming and operational signals to  
the scientific and engineering instruments on the space- 
craft .  
b )  Sampling these instruments.  
c )  Conditioning and quantizing the data and arranging them 
into formats  suitable f o r  processing immediately, o r  for 
s torage and later  processing. 
d)  Coding the data and processing them into a form suitable 
for  modulating the downlink rf c a r r i e r .  
e )  Buffering high speed data bursts  f rom scientific instru- 
ments  and storing this data for subsequent telemetry. 
3.6.6.6.3 DTU Design 
The orbi ter  spacecraft  shal l  provide the same capabilities as  
required in Section 3.6.3.6.3. 
3.6.6.6.4 DSU Design 
Each DSU shall  conslst  of two separate  memories ,  each with its 
own input/output. These modules shal l  be configured such that the DSU 
can operate a s  two 122,880 bit memories  o r  as one 245,760 bit memory; 
the configuration shal l  be selectable by command. The DSU shall  accept 
input bit ra tes  up to  10 kbps. It shal l  be possible to  s tore  data in the 
DSU up to  i ts  capacity during a single t ime interval o r  during multiple 
t ime intervals that a r e  neither contiguous nor separated by the same 
amount each t ime before reading out any of the s tored data. When data 
i s  accepted f rom the DTU, it shal l  be formatted but uncoded. When data 
i s  accepted f rom an  instrument,  i t  may  be unformatted. It shall  be pos- 
sible by ground command to  terminate the storage mode at  any t ime 
before filling the memory  to  i t s  capacity without destroying the s tored 
data. Termination of the s torage  mode a t  the end of each of the noncon- 
tiguous intervals can be e i ther  by ground command o r  automatically when 
the storage capacity for  the modual is reached. The memory  readout 
shall  be nondestructive and it shal l  be possible to terminate readout from 
the s torage a t  any t ime before the ent i re  memory  i s  c lear  without destroy- 
ing o r  preventing l a t e r  recovery  of the remaining data. The DSU shall  
i ssue  a discrete  signal (flag) when the  DSU (or  module) reaches i t s  full 
capacity. Flags shall  a l so  be issued by each module at 7,680 bits and 
115,200 bits. 
3.6.6.6.5 Other 
-
A l l  other aspects of the data subsystem shal l  be identical to those 
of the probe bus. In part icular  the orbi ter  spacecraft  shall  have the same 
capabilities a s  required i n  Sections 3.6.3.6.4 to  3.6.3.6.8. 
3.6.6.7 Command Subsystem 
3.6.6.7. 1 Description 
The command subsystem consists of two decoders (DDU) and a com- 
mand distribution unit (CDU). 
3.6.6.7.2 Capability and Design 
With the exception of the requirements  of Section 3. 6. 3. 7. 3. 4 ,  all 
aspects  of the command subsystem and equipments shal l  be identical t o  
those of the probe bus a s  required i n  Sections 3.6.3.7.2 and 3.6.  3. 7. 3. 
3.6.6.7.3 Special Command Storage Mode fo r  SRM Fi r ing  
In addition t o  the  command storage mode delineated in  paragraph 
3.6.3.7.3.4, a special  mode sha l l  be provided for  the orb i te r  spacecraft .  
In this mode, the 6 s tored  commands shall  be configured such that no sin- 
gle failure will cause the  omission, premature,  o r  la te  execution of a sin- 
gle event (SRM firing).  
3.6.6.8 Thermal  Control Subsystem 
3.6.6.8.1 Description 
The orbi ter  spacecraf t  t he rma l  control subsystem consis ts  of insu- 
lation to  provide passive the rma l  control for  spacecraf t  components and 
louvers to  provide active the rma l  control of the equipment compartment. 
3.6.6.8.2 Capability 
The the rma l  control  subsystem sha l l  have the capability of main-  
taining spacecraf t  components a t  the tempera tures  required fo r  normal  
operation, the scientific instruments  a t  tempera tures  as specified here in  
fo r  the thermal  environments a s  specified, and meeting the probe thermal  
interface requirements.  
3.6.6.8.3 Design Environments 
The the rma l  control  subsystem shal l  be designed t o  maintain the 
spacecraft  and instrument  tempera tures  a t  the required levels with 
negligible degradation of ma te r i a l s  and components when exposed to the 
following environments: 
a )  Prelaunch: Within the environment inside the fairing 
achieved by the on-stand a i r  conditioning a s  specified in 
P V  1006. 04. 
b)  Powered Flight: 
1) Within the environment inside the fair ing resulting f rom 
heating of the fairing a s  specified in P V  1006. 04 
2) Within the environment encountered af te r  fairing jetti- 
son f o r  the powered flight profile specified in P V  1006.04, 
including the effects of aerodynamic heating, eclipse,  o r  
radiation f r o m  the sun and ear th.  
c )  Flight: Within the thermal  environment imposed during the 
nominal m i s s  ion profile, including d i r ec t  radiation f r o m  the 
sun on the s ides  of the spinning spacecraf t  fo r  an  unlimited 
t ime and on the aft s ide of the spacecraf t  fo r  a t  l eas t  two 
-hours  . 
3.6.6.8.4 Design 
3.6.6.8.4. 1 Equipment Compartment 
The probe bus shal l  be designed s o  that throughout: t he  miss ion  until 
the end of the nominal flight mission: 
a )  Tempera tures  within the vicinity of spacecraf t  equipment 
will be  maintained a s  necessary.  
b)  Tempera tures  within the equipment compartment in the 
vicinity of each  scientific instrument  specified in PC 326. 00 
will be maintained between 0 and 90°F when the instrument 
i s  powered and i t s  net heat l o s s  o r  gain is within the  l imits  
specified in  Section 3.5.4. 
3.6.6.8.4.2 Instrument Appendage& 
Appendages o r  external  s t ructure that support scientific instru-  
ments  sha l l  be designed t o  minimize the heat flow into o r  away f r o m  the 
instrument.  
3.6.6.8.4.3 Instrument Apertures  
Insulation shal l  be provided to  f i l l  any gaps between scientific instru-  
ment  aper tures  and the spacecraf t  exter ior  insulation. 
3.6.6.8.4.4 External Instruments 
Scientific instruments  mounted external  t o  the equipment compart-  
ment  will provide the i r  own thermal  control. 
3.6.6.8.5 -- Powered Flight Constraints 
The spacecraft  shal l  impose no requirements  on the orientation of 
the launch vehicle/spacecraft  combination during powered flight up to  and 
including separation to satisfy thermal  limitations of spacecraft  mater ia l s  
and components. 
3.6.6.8.6 Telemetry Data 
Telemetry data f rom the spacecraft  shal l  include, in  addition to  the 
tempera tures  of other subsystem units a s  specified elsewhere, the tem-  
pera ture  ac severa l  locations in the  equipment compartment and if possi-  
ble,  the angle o r  full openlfull close s tatus  of a t  leas t  one of the louvers.  
3.6. 6.9 Allocated Weight and Reliability Requirements 
The allocated weight and reliability requirements  a s  specified in 
Sections 3.4. 9.2. 1 and 3.4. 1.2 shall  be observed. 
3.6.6. 10 - Orbit Insertion Solid Rocket Motor 
3.6.6. 10.1 Description 
The orbit insertion solid rocket motor  (SRM) includes redundant 
init iators,  an integral combustion chamber and nozzle assembly, solid 
propellant, protective insulation, and a protective nozzle plug which is 
expelled on ignition. 
3.6.6.10.2 Capability 
The SRM shal l  be capable of surviving launch and the interplane- 
t a r y  c ru ise  environment and providing sufficient velocity adjustment 
capability during a single burn to place the orb i te r  spacecraf t  in  a nomi- 
nal 24-hour orbit. 
3.6.6.10.3 Impulse Requirements 
The SRM shall  produce a total impulse of 50, 550 + 500 lb sec .  The 
SRM shal l  be designed s o  that a t  l e a s t  l0/0 of the propellant required 
above can be offloaded a t  any t ime within TBD months of launch without 
requiring requalification, and with the resulting total impulse maintained 
within a +170 tolerance. 
3.6.6.10.4 Thrust  
The maximum thrust  shall  be l e s s  than 6400 lbf. 
3.6.6.10.5 Life 
-
The SRM shal l  be  compatible with ground s torage  of a t  leas t  TBD 
months and shal l  operate properly a f te r  launch and exposure to  the inter-  
planetary environment during c ru i se  a s  specified in  Section 3.6. 1. 
3.6.6. 10.6 Thermal  Environment 
The SRM shal l  be  compatible with s torage and c ru i se  temperatures  
b e t w e e n x a n d  1 ~ 0 ~ ~ .  The SRM shall  ignite rellably and meet  the 
impulse requirements of SectLon 3. 6. 6. 10. 3 i f  the SRM temperature i s  
between 30 and 1 0 0 ~ ~  just p r io r  to  ignition. 
3.6.6. 10.6 Igniters 
The SRM shal l  have a t  l eas t  two redundant e lectr ical ly  isolated 
initiators. Any initiator shal l  be capable of reliably starting the SRM 
and shal l  be compatible with the e lec t r ic  power subsystem pyro firing 
circui ts  and the safety requirements  of Section 3.6.6.10.7. 
3.6.6. 10.7 Safety 
The SRM shal l  mee t  the requirements  of TBD and TBD (range 
safety and transportation).  
3.6.6.10.8 Outgassing and Products  of Combustion 
The SRM shal l  be designed so  as to minimize contaminants which 
can flow to the exposed sur faces  of the o rb i t e r  and i t s  scientific instru-  
ments.  In part icular  the nozzle and other  external  surfaces of SRM 
shall  be enclosed o r  shielded by ine r t  mater ia l s  s o  that substances which 
m a y  outgas during SRM firing due to  elevated surface tempera tures  will 
be condensed o r  reflected away before reaching other  portions of the 
spacecraf t .  
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PART I 
PRELIMINARY 
PIONEER VENUS 
SCIENTIFIC INSTRUMENT-SPACECRAFT 
(PROBE BUS AND ORBITER) INTERFACE DOCUMENT 
SCOPE: 
This document defines the characteristics of the Pioneer Venus 
Probe Bus and Orbiter spacecraft pertinent.to the scientific 
instruments and the requirements of the spacecraft on the 
scientific instruments. 
1. MECHANICAL 
1. 1 SIZE 
1. 1.1 Platform-Mounted Instruments 
The dimensions of the instruments shall be compatible with the 
overall area  and balance requirements of the equipment platform. 
1 . 2  MASS PROPERTIES 
1.2.1 Weight 
The total weight of the scientific instruments, including the cabling 
between boxes, connectors, containers, and boom-mounted equipment, 
shall not exceed the spacecraft capabilities specified in PC-(TBD), 
section [TBD). 
1.3 MOUNTING 
1.3.1 Internally-Mounted Instruments 
Internally mounted instruments will be secured t o  mounting 
platform with 6-32 UNC screws. Mounting hole centerlines will be 
located a minimum of 16 mm from the edge of the equipment platform. 
One of three mounting methods shall be used for securing instruments to 
the equipment platform. 
a )  10 x 10 x 3 mm tabs without gussets. 
b) 10 x 10 x 3 mm tabs with gussets (if this 
method is  used, tab width shall be increased by 
2 times the gusset thickness). 
The attachment hole size in the instrument mounting tab, o r  
through-hole within the instrument, shall be 0.45 cm in diameter and 
spot faced 10 mm diameter for No. 6 flat washer. The spot face edge 
radius shall be 0. 2 * 0. 2 mm. Mounting hole spacing shall be held to 
within *O. 1 mm (true position tolerance of *0.3 mm). Each scientific 
instrument' shall be mounted to the spacecraft at a minimum of four 
locations. The loads at each mounting location shall be limited to 50 kg 
in tension and 50 kg in shear. 
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1.3.2 Externally-Mounted Instruments 
The radar altimeter on the deployment mechanism shall be designed 
to mate with the attach fitting shown in Figure 1-1. The magnetometer 
shall be designed to be mounted to the flange of the deployable boom. 
(Details TBD). 
1.4 EQUIPMENT ARRANGEMENT AND ORIENTATION 
The arrangement and orientation of the instruments on the mounting 
platform i s  shown in Figures 1-2 and i -3. 
1 . 5  VIEWING 
The equipment compartment will consist of a platform constructed 
of aluminum honeycomb with aluminum face sheets; its lateral and forward 
surfaces will consist of aluminized mylar o r  aluminized kapton thermal 
blankets. Openings i n  the compartment surfaces required by instruments 
within the compartment will be mainly in the lateral surfaces but may be 
accommodated in the forward or  aft surfaces of the compartment. 
Dimensions of the compartment and the thermal blankets a r e  shown in 
Figure 1-4. Within these limits, openings required by the instruments 
may have any shape which does not compromise the spacecraft structural 
o r  thermal integrity. 
1.6 MISCELLANEOUS 
1.6.1 Joint Between Spacecraft Thermal Blanket and Instruments 
The joint between the thermal blanket and the projection through the 
spacecraft wall of a viewing instrument will be closed with a thermal 
shield provided by the spacecraft contractor. The instrument aperture 
shall extend at least 6 m m  beyond the spacecraft thermal blanket. Such 
projecting surfaces shall have a low emittance finish. 
1.6.2 Deployment Mechanism Impact Load 
The impact load due to deployment of magnetometer and radar 
altimeter during release and deployment will not exceed 4-1 12 g's at the 
instrument. 
To Be Supplied 
Figure 1 -i . Radar Altimeter Attach Fitting 
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2. =DENOTES OTHER CANDIDATE INSTRUMENTS. 
Figure i -2. Instrument Mounting for  Orbiter 
MA POTENTIAL REFERENCE PLANE 
FACE GROUNDED TO SPACECRAFT) UV SPECTROMETER 
APERTURE PLANE 1 
'SPECTROMETER 
FORWARD OMNI ANTENNA 
(MOUNTED ON UPPER 
RING SOLAR ARRAY) 
SECTION 13-13 
(SHOWN ROTATED) 
-I MEDIUM-GAIN H 
RETARDING POTENTIAL SECTION (:-(: 
ANALYZER AND ELECTRONICS .SPECTROMETER (SHOWN ROTATED) 
NOTES: . . - . - - . 
1 APERTURE PLANE DOES NOT INTERSECT 
ANY PART OF SPACECRAFT BUSTHEREFORE 
EMIS$IONS FROM SPACECRAFT OR THRUSTERS 
~ - 
CANNOT ENTER DIRECTLY INTO APERTURE. 
VIEW EOUIPMENT PLATFORM 
LOOKING AFT 
VERSION IV  . NOMINALSCIENCE PAYLOAD 
AND EOUIPMENT LAYOUTPROBE MISSION 
SPACECRAFT ATLASICENTAUR 
Figure i -3 .  - Instrument Mounting for Probe Bus 
To Be Supplied 
Figure 1-4. Equipment Compartment and 
Thermal Blanket Dimensions 
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2. ELECTRICAL POWER 
2.1 HARDWARE 
The electr ical  power subsystem consis ts  of the following spacecraft  
system assemblies:  
a )  One inverter  assembly (1.4) 
b) One power control  unit (PCU) 
c )  One shunt radiator (SR) 
d) One battery 
e )  One cent ra l  t ransformer-rect i f ier-f i l ter  (CTRF) 
f )  One so lar  a r r a y  
g) Two shunt element assembl ies  (Orbiter only). 
2.2 POWER SOURCES 
2.2. i Ground Power Console 
Ground power will  be used a s  required throughout the prelaunch 
activities. 
2.2.2 Solar Array Simulator 
A so lar  a r r a y  simulator will be used to  power the spacecraf t  fo r  
most  of the spacecraft  sys tem tests.  The simulator cur rent  and voltage 
shall  be adjustable to  simulate tempera ture  intensity and so lar  aspect 
effects on the a r ray .  
2.2.3 Solar Ar ray  
The so lar  a r r a y  will  have a power output sufficient to supply load 
and battery charging requirements for all mission conditions as defined 
i n  (TBD). 
2 .3 CONTROL 
2.3.1 Voltage 
The output voltage is regulated by dumping excess  power in  the SR, 
through a dissipative shunt in the PCU. An inverter  operating f r o m  the 
28-volt bus provides a 6 f .  0-volt RMS squarewave to the input of the 
CTRF. The battery is discharged to  the  bus through a regulator whenever 
load power exceeds a r r a y  capability. 
2.3.2 Battery 
The spacecraf t  bat tery supplies power a s  required whenever the 
load exceeds so la r  a r r a y  capability and during periods of so la r  occultation. 
The battery is recharged a t  a controlled ra te  by a charger  i n  the PCU. 
2. 3. 3 Overload Protect ion 
If the total load exceeds the capability of the electr ical  power 
subsystem, then loads will be  dropped in an automatic sequence. The 
f i r s t  group of loads turned off will include all the scientific instruments.  
2.4 OUTPUT CHARACTERISTICS 
2.4. f Distribution 
Each scientific instrument  will receive electr ical  power through an  
individual, fused, branch circuit .  The branch circuit  will normally 
remain energized. The power allotted to the instrument is measured a t  
the spacecraf t / instrument  interface connector. 
2.4.2 Voltage 
Measured i n  PCU (ahead of fuse). 
2 .4.2.  i Steady State 
Regulated to +28 VDC 
a )  Short t e r m  e r r o r :  * 1-percent 
b) Long t e r m  drif t  (superimposed): + 1-percent 
NOTE: Voltage a t  the te rminals  of each scientific instrument 
will be lower by the voltage drop due to the fuse and wire  
res i s tance  of i t s  branch circuit. 
2.4.2.2 Noise 
-
Except fo r  the t ransient  voltage excursions specified i n  
Section 2. 4. 2. 3, the peak-to-peak amplitude of any voltage excursion, 
periodic o r  aperiodic, will not exceed 560 millivolts a t  any frequency 
between 30 Hz and 10.0 kHz decreasing a t  a 20 dB/decade rate  to  280 
millivolts a t  20. 0 kHz and not exceeding 280 millivolts through 100 MHz. 
2.4.2. 3 Transient Voltage Excursions 
a )  Performance - No degradation of performance will 
result when voltage transients having the characteristics 
shown in  Figure 2.4.2. 3, sheet i ,  a r e  seen on the 
nominal 28 VDC bus. 
b) Damage - No instrument damage, long te rm degra- 
dation, or modes where proper performance i s  not 
automatically resumed when the transient i s  
removed, wi l l  occur when voltage transient having 
the characteristics shown in Figure 2. 4. 2. 3, sheet 2, 
a r e  seen on the nominal 28 VDC bus. 
2.4.3 Source Impedance 
The source impedance i s  shown in Figure 2.4.3. 
2 .5  REQUIRED LOAD CHARACTERISTICS 
2. 5.1 Switch 
Each scientific instrument shall contain a DC to DC converter and 
shall provide for maintaining i ts  own electrical load ON or OFF operation 
a s  controlled by a state signal which is  supplied by the spacecraft and 
controlled by ground command. The state signal i s  described in 
Section 3. 3.6. The idling power drawn by an instrument during the OFF 
state shall not exceed 5 milliwatts. As a design goal, the instrument's 
power control circuitry shall be configured so  that no single part 
failure within the instrument will prevent turn-off whenever the state 
signal is  commanded to the OFF state. 
2. 5.2 Maximum Load 
2. 5.2.  i Average 
Power: TBD watts total for scientific instruments. 
-
2. 5.2. 2 Peak 
-
The peak scientific instrument load shall not exceed TBD watts. 
-
2.5.3 Inrush Current 
The duration of instantaneous load current of each instrument i s  a 
function of fuse size and instrument load characteristics. Upon appli- 
cation of the 28 VDC primary power to the instrument's primary power 
circuit, and upon application of the power control state signal to the 
instrument's secondary converter control circuit, the instrument's load 
current surge shall not exceed the following limit envelope: 
2.  5. 3. 1 Fuse Sizes 
The fuse size shall be a s  follows: 
TBD 
-
2.5.4 Load Noise 
When operating from a power source impedance of x, no single 
instrument shall feed back into the power input circuit any electrical 
noise either periodic o r  aperiodic in excess of 280 millivolts peak-to-peak 
a t  any frequency between 30 Hz and 10.0 kHz decreasing at  a 20 dB/decade 
rate to 140 millivolts peak-to-peak at 20. 0 H z  and remaining at  140 milli- 
volts peak-to-peak o r  less  from 20. 0 kHz through 100 MHz. 
2. 5. 5 Ground 
The power supply (front-end) circuit shall be DC-isolated f rom 
chassis ground within each instrument prior to electrical connection. 
(See Section 3. 5.3 for general grounding concept. ) 
2. 5.6 Capacitance 
TBD 
-
2.6 CONNECTORS AND CABLING 
2.6.1 Connector Types 
The connector installed on an instrument that connects the instrument 
to the spacecraft harness shall be a male (straight o r  coaxial insert)  pin 
connector selected from the Cannon, Golden D, Mark I, nonmagnetic with 
a NMC-A-106 suffix, ser ies  of connectors. The use  of two identical 
connectors on any one box i s  prohibited. The end pins shall not be used. 
2.6.2 Interface Connector Location 
The centerline of the interface connector shall be located 3.75 cm 
(i. 5 inches) above the base of the instrument ,and parallel thereto. The 
shorter dimension of the connector shall be towards the base. 
2.6.3 Interface Connector Pins 
The mating surfaces shall be equivalent electrically to bare metal. 
Pins for the power and signal lines shall be adjacent to their corresponding 
r e tu rn  l ines to facil i tate the twisting of the wi res  i n  the spacecraf t  
ha rness ,  The pin assignments  shall  be in  accordance with Section - TBD 
of Specifications x. 
2 . 6 . 4  Test Connector Location 
The location for  the  t e s t  connector shall  be on the top surface of the 
instrument,  unless otherwise directed by the ARC/PPO. 
2.6. 5 Connector Encapsulation 
When encapsulated during fabrication, the encapsulation of each 
backshell shall  be done with mated connectors to in su re  proper pin 
alignment. ARC/PPO shal l  be notified of the u s e  of any encapsulated 
interface connectors. 
2 .6 .6  Connector Identification 
Each connector shall  be identified by TRW with a number in 
accordance with Section TBD of Specification - TBD. 
TBD 
-
Experiments consisting of mor,e than one unit will  be  identified by 
assigning a basic re ference  designator for  the main unit and an alphabetic 
subunit identifier for  each additional unit required. 
TBD 
-
2.6 .7  Wiring 
The type of wire  between any two units of one instrument shall be 
unshielded, shielded, twisted pairs  o r  coaxial cables (if required for  
signal leads). Between the spacecraft and the instrument, o r  between 
any two units of one instrument, the maximum wire  s ize will be 2 0  AWG 
and the minimum size will be 28 AWG. 
3. DATA HANDLING AND SIGNALS 
3 . 1  FUNCTIONAL DESCRIPTION 
The spacecraft will accept, f rom the scientific instruments, 
information in digital, analog, o r  state form, convert the analog and 
state information to digital form, and arrange all information in an 
appropriate format for the time multiplexed transmission to earth or  
storage on board the spacecraft. The spacecraft will supply buffer 
storage for selected digital science data on the orbiter. Storage for 
periods of occultation is  also supplied on the orbiter. There i s  no 
storage on the bus. The spacecraft will also supply the instruments 
with various timing and spacecraft operational status signalb as  well as 
functional commands. 
3 . 1 . 1  Telemetry Word 
A telemetry word in the main science formats will consist of 3, 7, 
8, or 10 bits, selectable by programming in the digital telemetry unit 
(DTU). The spacecraft engineering subcommutated words a r e  6  bits and 
the science instrument engineering subcommutated words is  10 bits. 
Spacecraft generated words will be transmitted most significant bit first. 
3 . 1 . 2  Data Bit Rates 
The data subsystem will be capable of processing scientific and 
engineering data at the following rates: 
a )  1024 bits per second 
b) 512bi t sper  second 
c )  256 bits per second 
d) 128 bits per second 
e)  64 bits per second 
f )  32 bits per second 
g) 16 bits per second 
h) 8 bits per second 
Bit rate changes will occur within one DTU bit period following the 
reception of a bit rate command by the data subsystem. 
3 . 1 . 3  Frame 
The data subsystem will assemble the information from the 
instruments into mainframes composed of a ser ies  of 768 bits. 
3 . 1 . 4  Format and Word Assignments 
The words i n  a frame a r e  assigned in several formats. The formats 
a r e  organized for specific purposes and a re  selected by ground command 
for particular spacecraft operational modes. Format changes will occur 
within one DTU bit period following the reception of a format command by 
the data subsystem. 
3 . 1 . 4 .  1 Format A-1 ,  A-2,  A-3 ,  and A - 4  
Format A-n is  the format used for the orbiter scientific information. 
Format A-1 i s  shown in Figure 3 - 1 ,  Format A - 2  in Figure 3 - 2 ,  Format 
A - 3  in Figure 3-3 ,  and Format A - 4  in Figure 3 - 4 .  
3 . 1 . 4 . 2  Format B-1 and B - 2  
Format 8 - n  is  the format used for the probe bus scientific 
information near Venus. Cruise data for the probe bus will be engineering 
data only in the C Formats. Word assignments for Format 5-1 is  shown 
in Figure 3-5 ,  and for B - 2  in Figure 3-6 .  
3 . 1 . 4 .  3 Formats C-1, C-2,  C-3,  and C-4 
Formats C-1, C-2,  C-3,  and C-4 contain spacecraft engineering 
information. Each of the engineering formats may be telemetered as  the 
main frame. However, usually i t  will be subcommutated in two words in 
each of the science formats, Format A and B. When one of the 
engineering formats is  commanded to be telemetered as  the main frame, 
engineering words i through 4 and 17 through 2 0  a r e  replaced with the 
identification, frame sync, and subcom words of the main frame. 
However, words 1 through 4 and 17 through 20 will be telemetered in the 
engineering subcom words of the main frame. Instrument power on/off 
indicators will be telemetered in Format C-1.  Word assignments for 
Formats C-1, C-2,  C-3,  and C-4 a r e  shown in Table 3-1  for the 
orbiter and Table 3-2  for the probe bus. 
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Figure  3-1. Word Assignments  for Format  A-1, 
Orbiter Cruise  (16  b i t s l s )  
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Figure 3-2. Word Assignments for Format A-2, 
Orbiter High Altitude (64 b i t s / s )  
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U , f l , , , , , , ' V / , , , , , , * , , , ,  
I RADAR ALTIMETER 
! 
IR RADIOMETER 
I 
\ 
- \ 1- ELECTRON TEMPERATURE PROBE 1 
I UV SPECTROMETER 
I 
NEUTRAL MASS SPECTROMETER 
I 
! I ION MASS SPECTROMETER I 
Figure 3 -3. Word Assignments for Format A-3, 
Orbiter Low Altitude (512 bi ts /s )  
Figure 3-4. Word Assignments for Format  A-4, 
Orbiter  Low Altitude Pa r t i a l  (128 b i t s / s )  
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Figure 3-6 .  Word Assignments for Format B-2, 
Bus Entry (1024 bits/s) 
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Table 3-1. Orbi ter  Engineering Telemet ry  Lis t  for C F o r m a t s  
E L E C T R I C A L  D l  S T R I R I J T I O N  
SPACECRAFT S E P A R A T I O N  S T A T I I S  B I L E V E L  
COMMAND E X E C I I T E  S T A T U S  B I L E V E L  
SPACECRAFT ORDNANCE S A F E I A R M  R E L A Y  S T A T U S  ( P R I M E )  B I L E V E L  
SPACECRAFT ORDNANCE S A F E I A R M  R E L A Y  S T A T U S  ( R E D N T )  B I L E V E L  
SRM ORDNANCE SAFE/ARM MOTOR STATUS R ILEVEI .  
B I L E V E L  OVERVOLTAGE OVERR I D E  S T A T I I S  
R E C E I V E R  REVERSE S T A T I I S  B l L E V E L  
E Q U I P  CONV F A U L T  I S O L A T I O N  R E L A Y  S T A T U S  1 4 )  B I L E V E L  I T H O R I D E L T A )  
MAGNETOMETER BOOM R E T R A C T E D  S T A T U S  B I L E V E L  
MAGNETOMETER BOOM E X T E N S I O N  STATIJS B I L E V E L  
ELECTRON TEMPERATI IRE PRORE ANT R E L E A S E  S T A T U S  B I L E V E L  
N E U T R A L  MASS SPECTROMFTER I O N  C A P  E J E C T  S T A T I I S  B I L E V E L  
UV SPECTROMETER SUN COVER E J E C T  S T A T U S  B I L E V E L  
RADAR A L T I M E T E R  ANTENNA R E L E A S E  B I L F V E I .  
cou + 5  v RIIS A S E L E C T  STATIJS B I L E V E L  
COU + 5  V  k k l s  0  S E L E C T  S T A T t I S  B I L E V E L  
RAM PLATFORM R E L E A S E  S T A T l l S  B I L E V E L  
C A P A C I T O R  CHARGE S T A T I I S  ( P R I M A R Y )  1 2 1  B I L E V E L  
C A P A C I T O R  CHARGE S T A T I I S  ( R E D I I N D A N T I  1 2 1  B I L E V E L  
COMMAND MEMORY I D  TO n T U  R I L E V E I .  
COMMAND MEMORY E N A B L E / D I  SABLE S T A T U S  R I L E V E L  
COMMAND MEMORY 1 CONTENTS - CMD A B I T S  1 1 6 )  D I G I T A L  
COMMAND MEMORY E CONTENTS - T I M E  R R I T S  116)  D I G I T A L  
COMMAND MEMORY 3 CONTENTS - T I M E  R R l T S  1 1 6 1  D I G I T A L  
COMMAND MEMORY 4  CONTENTS - R O I I T I N G  3 B I T S  ( 1 6 )  D I G . I T A L  
E L E C T R I C A L  POWER 
B A T T E R Y  A l l T O M A T I C  CHARGF MODE STATUS R I L E V E L  
B A T T E R Y  MAX CHARGE MODE S T A T I I S  B I L E V E L  
R A T T E R Y  T R I C K L E  CHARGE S T A T U S  B I L E V E L  
R A T T E R Y  D I S C H A R G E  E N A R L F / O I S A R L E  S T A T I I S  B I L E V E L  
R h T T E R Y  H I G H  TEMP P R O T E C T I O N  S T A T t I S  B I L E V E L  
R A T T E R Y  R E C O N D I T I O N I D I S C O N N E C T  S T A T U S  R I L F V F L  
C T R F  I N V E R T E R  TRANSFER R E L b Y  STATUS B I L E V E L  
B A T T E R Y  CHARGE CI IRRENT ANALOG 
B A T T E R Y  D I S C H A R G F  CI IRRENT ANALOG 
R A T T F R Y  VOLTAGE ANAl-OG 
R A T T E R Y  TEMPFRATt IRE  ANALOG 
DC BUS VOLTAGE ANALOG 
OC B U S  VOLTAGE EXPANDED ANALDG 
OC BUS CURRENT ANALOG 
SHUNT BUS CURRENT ANALOG 
T R F  + 5  VDC cnu OUTPUT CHANNEL A A N A L O G  
T R F  + 5  VOC COU OIITPIJT CHANNEL R ANALDG 
EQIJ IPMENT CONVERTER TEMP ANALOG ( T H O R / D E L T A I  
C T R F  I N V E R T E R  TEMP ANALOG 
DATA H A N D L I N G  
C O N V O L U T I O N  CODE GEN STATOS B I L E V E L  
R O L L  REFERENCE B I L F V E I .  
S P I N  A V E R A G I N G  MODE R I L E V E L  
H I G H l L D W  A L T I T U D E  STORE FORMAT S T A T U S  B I L E V E L  
D S U  C O N F I G U R A T I O N  S E L E C T  S T A T I I S  ( 4 )  R I L F V E L  
S C I E N C E  D A T A  STORAGE E N A B L E  2 B I L E V E L  
ACS O P E R A T I O N  MOOE B I L E V E L  
DECODER A  S T A T U S  
DECODER 0  S T A T U S  
B I L E V E L  
B I L E V F L  
Table 3-1. Orbiter Engineering Telemetry List
for C Formats (Continued)
AD CALIB VOLTAGE, LOW ANALOG
A/D CALIB VOLTAGE, MED ANALOG
A/D CALIB VOLTAGE, HIGH ANALOG
ROLL ALTITUDE WORD LINES (2) DIGITAL
EXTENDED S.C. ID DIGITAL
SPIN PERIOD WORD LINES (3) DIGITAL
COMMUNICATIONS
RECEIVER A SIGNAL PRESENT STATUS BILEVEL
RECEIVER B SIGNAL PRESENT STATUS BILEVEL
RECEIVER A COHERENT MODE STATUS BILEVEL
RECEIVER B COHERENT MODE STATUS BILEVEL
POWER AMP A ON/OFF STATUS BILEVEL
POWER AMP B ON/OFF STATUS BILEVEL
POWER AMP C ON/OFF STATUS BILEVEL (THOR/DELTA)
POWER AMP D ON/OFF STATUS BILEVEL (THOR/DELTA)
RECEIVER A OSC ENABLE/DISABLE STATUS BILEVEL
RECEIVER R OSC ENABLE/DISABLE STATUS BILEVEL
TRANSFER SWITCH I POSITION STATUS BILFVEL
TRANSFER SWITCH 2 POSITION STATUS BILEVEL
TRANSFER SWITCH 3 POSITION STATUS BILEVEL
TRANSFER SWITCH 4 POSITION STATUS BILEVEL
TRANSFER SWITCH 5 POSITION STATUS BILEVEL
TRANSFER SWITCH 6 POSITION STATUS BILEVEL
CONSCAN THRESHOLD HIGH/LOW STATUS BILEVEL
CONSCAN ON/OFF STATUS BILEVEL
RECEIVER A LOOP STRESS ANALOG
RECEIVER B LOOP STRESS ANALOG
RECEIVER A VCO TEMP ANALOG
RECEIVER R VCO TEMP ANALOG
RECEIVER A SIGNAL STRENGTH ANALOG
RECEIVER B SIGNAL STRENGTH ANALOG
CONSCAN DATA WORD LINE DIGITAL
ATTITUDE CONTROL
AXIAL THRUSTER INITIATION STATUS (4) BILEVEL
TRANSVERSE THRUSTER INITIATION STATUS (4) BILEVEL
SUN SENSOR TEMP ANALOG
THRUSTER TEMPERATURES (8) ANALOG
PROPELLANT PRESSURE ANALOG
DATA WORD LINES (4) DIGITAL
THERMAL
PROPELLANT HEATERS ENABLE/DISABLE STATUS BILEVEL
RAM PLATFORM HEATER ENABLE/DISABLE STATUS BILEVEL
SRM HEATER ENABLE/DISABLE STATUS BILEVEL
PLATFORM TEMPERATURES (4) ANALOG
PROPELLANT TEMPERATURE ANALOG
26
Table 3-2. Bus Engineering Telemetry for C Formats 
F L E C T R I C A L  D I S T R I R U T I O N  
S P A C E C R A F T  S E P A R A T I O N  S T A T O S  
COMMAND E X E C U T E  S T A T U S  
S P A C E C R A F T  O R O N A N C E  S A F E / A R M  R E L A Y  S T A T U S  ( P R I M E )  
S P A C E C R A F T  O R D N A N C E  S A F F I A R M  R E L A Y  S T A T U S  I R E O N T I  
L I N D E R V O L T A G E  O V E R R I D E  S T A T I I S  
R E C E I V E R  R F V F R S E  S T A T l l S  
C D U  +5 VOC R U S  A  S E L E C T  S T A T U S  
E O U I P  C O N V  F A U L T  I S O L A T O R  S T A T U S  1 4 )  
M A G N E T O M E T E R  BOOM R E T R A C T  S T A T I I S  
M A G N E T O M E T E R  ROOM E X T F N S I O N  S T A T U S  
E L E C T R O N  T E M P E R A T L I R E  P R O B E  4 N T  R E L E A S E  S T A T I I S  
N E U T R A L  M A S S  S P E C T R O M E T E R  I O N  C A P  E J E C T  S T A T U S  
I I V  F l l l D R E S C E N T  P R O R E  A N T  R E L E A S E  S T A T I J S  .. . - 
L A R G E  P R O R E  R E L E A S E  S T A T U S  
I A R G E  P R O R E  C O N N E C T O R  R E L F A S E  S T A T I I S  
- .  
SMALL PRORF THERMAL SHIELD R E L E A S F  STATIJS 1 3 1  
S M A l  l P R O B E  C O N N E C T O R  R E L F A S E  S T A T U S  1 3 1  . .. 
S M A L L  PRORE R E L F A S E  S T A T U S  
R F C E I V E R  R E V E R S E  I N H I B I T I F N A R L F  S T A T U S  -.-- 
C A P A C I T O R  C H A R G E  S T A T I I S  I P R I M A R Y )  
C A P A C I T O R  C H A R G E  S T A T U S  ( R E D U N D A N T )  
F L E C T R I C A L  POWER 
R A T T E R Y  A I J T O M A T I C  C H A R G E  MODE S T A T U S  
B A T T E R Y  O I S C H A R C F  E N A R L E / D I S A R L E  S T A T I I S  
C H A R G E  R A T E  1 O N / O F F  S T A T I I S  
C H A R G E  R A T E  2 O N l O F F  S T A T I I S  
C H A R G E  R A T E  3 O N / O F F  S T A T I I S  
L A R G E  P R O R E  POWER O N / O F F  S T A T U S  
S M A L L  P R O R E  1 POWER O N / O F F  S T A T U S  
S M A L L  P R O R E  7 POWER O N / O F F  S T A T I J S  
S M A L L  P R O R E  3 POWER O N / O F F  S T A T U S  
C T R F  I N V E R T E R  T R A N S F E R  R E L A Y  S T A T U S  
C T R F  I N V E R T F R  T E M P  
R A T T E R Y  C H A R G E  C U R R E N T  
R A T T E R Y  D l  S C H A R G E  C I I R R E N T  
R A T T E R Y  V O L T A G E  
R A T T E R Y  T E M P E R A T U R F  
OC B U S  V O L T A G E  
DC B U S  V O L T A G E ,  E X P A N D E D  
D C  RIJS C U R R E N T  
S H U N T  B U S  C U R R E N T  
T R F  +5 VDC C O U  O U T P U T  C H A N N E L  A  
T R F  + 5  VOC C O U  O U T P U T  C H A N N E L  R  
D A T A  H A N D L I N G  
C O N V O L U T I O N  C O O F  G E N  S T A T I J S  
P O L L  R E F E R E N C E  
S P I N  A V E R A G I N G  Mf lDE 
A C S  O P E R A T I O N  MODE DEEODER A STATIIS 
D E C O D E R  B S T A T U S  
A I D  C A L I B  V O L T A G F *  LOW 
A / D  C A L I 8  V O L T A G F I  MED 
A I D  C A L I B  V O L T A G E ,  H I G H  
R O L L  A T T l T I l n E  WORD L I N E S  
B I L E V E L  
R I L E V E L  
R I L F V E L  
B I L E V E L  
B I L E V E L  
R I L E V E L  
B I L E V E L  
B I L E V E L  1 T H O R I D E L T A )  
B I L E V E L  l T H O R / D E L T A l  
B I L E V E L  ( T H O R I D E L T P )  
B I L E V E L  
B I L F V E L  
B I L E V E L  I T H O R / D E L T A  1  
R I L E V E L  
-. 
B I L E V E L  
B I L E V E L  
RILEVEL 
R I L E V E L  
R l L E V E L  
B I L E V E L  
R l L E V E L  
R l L E V E L  
B I L E V E L  
B I L E V E L  
R I L E V E L  
R I L E V E L  
R I L F V E L  
B I L E V E I .  
B I I - E V E L  
R I L F V E L  
B I L E V E L  
A N A L O G  
A N A L O G  
A N A L O G  
A N A L U G  
A N A L O G  
A N A L O G  
A N A L O G  
A N A L O G  
A N A L O G  
A N A L O G  
A N A L O G  
B l  L E V E L  
R I I - F V E L  
R I  L E V E L  
R I L F V E I -  
B I L E V E L  
R I L E V E L  
A N A L O G  
A N A L O G  
A N A L O G  
D I G I T A L  
Table 3-2. Bus Engineering Telemetry for C Formats (Continued) 
EXTENDED S.C. I 0  
S P I N  P E R I O D  WORD L I N E S  
PROBE D A T A  WORD L I N E S  
R E C E I V E R  A  S I G N A L  PRESENT S T A T U S  
R E C E I V E R  R  S I G N A L  PRESENT S T A T I I S  
R E C E I V E R  A  COHERENT MODE S T A T U S  
R E C E I V E R  R  C O H E R E N T '  MODE S T A T I I S  
R E C E I V E R  A  OSC ENARLE/DECODER S T A T U S  
R F C E I V E R  R OSC ENARCE/DECOOER S T A T U S  
POWER AMP A / B  S E L E C T  
POWER AMP A  H IGH/COW STATIJS 
POWER AMP D R I V E R  A I R  S E L E C T  
POWER AMP R  H I G H / L O W  S T A T I I S  
TRANSFER S W I T C H  1 P O S I T I O h I  S T A T U S  
TRANSFER S W I T C H  2 P O S I T I O N  S T A T I I S  
TRANSFER S W I T C H  3 P O S I T I O N  S T A T I I S  
TRANSFER S W I T C H  4 P O S I T I O N  S T A T U S  
R E C E I V E R  A  LOOP STRESS 
R E C E I V E R  R  LOOP STRESS 
R E C E I V E R  A  VCO TEMP 
R E C E I V E R  R  VCO TEMP 
R F C E I V E R  A  S I G N A L  STRENGTH 
R E C E I V E R  R  S I G N A L  STRENGTH 
A T T I T U D E  CONTROL 
A X I A L  THRUSTER I N I T I A T I O N  S T A T U S  
TRANSVERSE THRUSTER I N I T I A T I O N  S T A T U S  
SUN SENSOR T F M P  
THRUSTER TEMPERATI IRES 
P R O P E L L A N T  PRESSIJRF 
D A T A  WORO LINES) 
THRI ISTER PULSE /CnUNTERS 
THERMAL 
P R O P E L L A N T  H E A T F R  E N A R L E / n l S A R L E  S T A T I I S  
P R O P E L L A N T  TEMP 
D I G I T A L  
D I G I T A L  
D I G I T A L  
B I L E V E L  
B I L E V E L  
R I L E V E L  
R I L E V E L  
R l  L E V E L  
R l L F V E L  
R I L E V E L  
R l L F V E L  I T H O R / D E C T A )  
R I L E V E L  
R I L E V E L  I T H f l R / O E L T A  1 ~. 
R I L E V E L  
B I L E V E L  ~. 
R I L E V E I .  
B I L E V E L  
ANALOG 
ANALOG 
ANALOG 
ANALOG 
ANALOG 
ANALOG 
R I L E V E L  
R l  L F V E L  
ANALOG 
ANALOG 
ANALOG 
D I G I T A L  
D I G I T A L  
R I L E V E L  
ANAI-OG 
PLATFORM TEMPERATI IRES 
3.1.4.4 Formats D-i through D-8 
Formats D-i through D-8 a r e  special purpose scientific formats. 
In each format, 576 of each 768 bits will be allocated to a single 
scientific instrument or location in the digital storage unit (DSU) with the 
selected instrument supplying digital data o s  a single input channel. The 
selected Format D will be telemetered only at  the main f rame rate over- 
layed on the Format A or Format B. The Format D scientific instrument 
assignments a r e  as- follows: 
Format D-3, Orbiter: DTU, stored 
Format D-4, Orbiter: IR radiometer, stored 
Format D-5, Orbiter: Radar altimeter, stored 
Format D-6, Orbiter: Neutral mass  spectrometer, stored 
Format D-7, Orbiter: Ion mass spectrometer, stored 
Formats D-i, D-2, and D-8 a r e  unassigned 
Format D-3, Bus: Large probe checkout 
Format D-4, Bus: Small probe one checkout 
Format D-5, Bus: Small probe two checkout 
Format D-6, Bus: Small probe three checkout 
Formats D-i, D-2, D-7, and D-8 a r e  unassigned 
3.1.4. 5 Formats E-1 and E-2 
Formats E-1 and E-2 a r e  for the subcommutation of scientific 
information in two words of each Format A and B or  one word of each 
Format C-i, C-2, C-3, and C-4 when telemetered as  the main frame. 
The two formats will be telemetered sequentially at  all t imes and only 
in the subcommutated science word of the main frame. Word assignments 
for Formats E-i and E-2 a r e  shown in Table 3-3 for the orbiter, and 
Table 3-4 for the probe bus. 
3.1. 5 Operational Modes of Data Subsystem 
The data subsystem will be capable of operating in three basic modes 
a s  follows: 
a )  Real Time Mode. Data a r e  transmitted directly without 
intermediate storage at  a bit rate selected by ground 
command. 
Table 3-3 .  Orbiter Science Telemetry List for E Formats 
MAGNETOMFTER 
POWER O N / D F F  S T A T U S  
C A L I R R A T E  MODE S T A T I I S  
RANGE H l G H l L O W  S T A T U S  
D A T A  WORD L l N E  
R A D A R  ALTIMETER 
POWER O N I O F F  S T A T I I S  
T R A N S M I T T E R  O N / I I F F  S T A T I I S  
C A L I B R A T E  MODE O N l O F F  
D A T A  R A T E  H I G H I C D W  STATOS 
MEMORY POWER O N / O F F  S T A T l l S  
D A T A  WORD L l N E  
IJV SPECTROMETER 
POWER O N I O F F  S T A T l l S  
C A L I R R A T E  MOD€ S T A T U S  
D A T A  R A T E  H I G H I L n W  S T A T U S  
H O U S E K E E P I N G  
D A T A  WDRD L I N E  
I n N  nnss SPECTROMETER 
POWER D N / O F F  S T A T U S  
C A L I B R A T E  MODE S T A T I I S  
D A T A  WORD L I N E  
I R  R A D I O M E T E R  
POWER O N / O F F  S T A T U S  
D A T A  WORO 
NEI ITRAL  P A R T I C L E  MASS SPECTROMETER 
POWER l l N / O F F  STATUS 
D A T A  w n R o  LINE 
ELECTRON TEMPERATORE PRORE 
POWER O N / O F F  S T A T U S  
D A T A  WORD L l N E  
SOLAR W I N O  ANALYZER 
POWER O N / O F F  
MODE CONTROL S T A T U S  
D A T A  WORO L I N E  
X-BAND O C C U L T A T I O N  
POWER O N l O F F  S T A T U S  
D A T A  WORD L l N E  
B I L E V E L  
B I L F V E L  
R I L F V E L  
D I G I T A L  
B I L E V E L  
R I L E V E L  
R I  L E V E L  
B I L E V E I .  
R I L E V E L  
n I G I T A L  
R I L E V E L  
B I L F V E L  
R I L E V E L  
ANALOG 
D I G I T A L  
B I L E V E L  
B I L E V E L  
O I G I T A L  
8  I L E V E L  
D I G I T A L  
B l L E V E L  
D I G I T A L  
B I L E V E L  
O I G I T A L  
B I L E V E L  INEW S C I E N C E )  
1 3 )  B I L E V E L  INEW S C I E N C E )  
D I G I T A L  (NEW S C I E N C E )  
B I L E V E L  INEW S C I E N C E )  
D I G I T A L  1NEW S C I E N C E )  
Table 3-4. Bus Science Telemetry List for E Format s  
S C I E N C E  
MAGNETOMETER 
POWER O N l O F F  S T A T U S  
C A L I B R A T E  MODE S T A T U S  
D A T A  R A T E  H I l L O  S T A T U S  
D A T A  WflRO L I N E  
I I V  FL I IORESCENCE 
POWER D N l O F F  S T A T I I S  
FURNACE CI IRRENT MODE 1 U N l O F F  S T A T I I S  
FI IRNACE CI IRRENT MODE 2 O N l O F F  STbT IJS  
FURNACE CI IRRENT MOnE 3 O N l O F F  S T A T U S  
FURNACE Cl lRRENT MODE 4 O N l O F F  S T A T l l S  
C A L I B R A T E  MODE S T A T l l S  
H O U S E K E E P I N G  
D A T A  woun 
r n N  M A S S  SPFCTROMETER 
POWER O N l O F F  S T A T U S  
C A L I R R A T E  MODE S T A T l l S  
D A T A  WORD L I N F  
N F U T R A L  P A R T I C L E  MASS SPECTROMETER 
POWER O N l O F F  S T A T U S  
D A T A  WDRO L I N E  
ELECTRON TEMPERATURE PRORF 
POWER O N l O F F  S T A T U S  
D A T A  WORD L I N E  
IJV SPECTROMETER 
POWER O N l O F F  S T A T U S  
. D A T A  WORD L I N E  
R E T A R D I N G  P O T E N T I A L  ANALYZER 
POWER ON/OFF S T A T U S  
C A L I B R A T E  MODE S T A T 0 5  
D A T A  R A T E  H l l L n  STATIJS 
D A T A  WORD L I N E  
( S C I E N C E  111) 
R I L E V E L  
R I L E V E L  
B I L F V E L  
D I G I T A L  
( S C I E N C E  1 1 1 1  
R I L E V E L  
R I L E V E L  
R I L E V E L  
R I L E t I E L  
B I L E V E I .  
B I L E V E L  
ANALOG 
D I G I T A L  
B l L E V E L  
D I G I T A L  
B l L E V E L  
D I G I T A L  
B l L E V E L  
D I G I T A L  
B l L F V E L  
D I G I T A L  
( S C I E N C E  I V I  
B I L E V E L  
B l L E V E L  
B l L E V E L  
D I G I T A L  
b) Telemetry Storage Mode. Data are  stored and transmitted 
simultaneously and continuously until either the DSU is full 
o r  the data subsystem is  commanded to the real  time mode. 
The DSU can be particularly filled and data stored at a later 
time beginning at  the memory location of the last  previously 
stored data. When the telemetry storage mode i s  terminated 
by ground command, o r  when the DSU is filled, the data 
subsystem will automatically switch to the real time mode in 
the format and bit ra te  used during the telemetry storage mode. 
c )  Memory Readout Mode. Data a r e  read out from the DSU and 
transmitted at a bit ra te  selected by ground command. When 
memory readout is  completed, the data subsystem will 
automatically switch to  the real time mode and the format 
used before memory readout, and remain in the bit rate used 
during memory readout. Real time science and engineering 
will be transmitted in the format with the data read out from 
the DSU via the appropriate D-n format. 
3.1.6 On-Board Storage Capacity 
A storage capacity of I ,  228,800 bits will be provided on the 
Orbiter by five DSU's, each DSU containing two 122,880-bit modules. 
(No storage i s  provided on the Bus. ) Storage will be allocated as  
follows: 
1 ) Neutral mass  spectrometer 
Up to 122, 880 bits 
2)  Ion mass spectrometer 
Up to 122, 880 bits 
3)  IR radiometer 
Up to 245, 760 bits 
4 )  Radar altimeter 
Up to 122, 880 bits 
5) DTU, formatted data, includes magnetometer, electron 
temperature, UV spectrometer, and engineering up to 
368,640 bits 
The input rate to the DSU i s  10, 000 bitsls maximum. In the buffer 
mode, the DSU will act a s  a large raw buffer, reading out only in the D-n 
format. The radar altimeter is always buffered; the IR radiometer and 
the UV spectrometer can operate in realtime (see  Figure 3. 1 . 4 . 2 - 8 .  
Orbiter) or in the buffered mode. Storage is also provided for DTU 
(preformatted) storage during occultation periods. 
3 . 2  SIGNALS FROM SCIENTIFIC INSTRUMENTS 
3 . 2 . 1  Characteristics 
The characteristics of digital, analog, timing, and operational 
status signals from the scientific instruments to the data subsystem 
shall be as  defined in Figures 3 - 7 A  and Figure 3-7B .  
3 . 2 . 2  Circuit Diagrams 
The DTUfDSU interface circuits for signals from the scientific 
instruments to the DTU and DSU will be a s  shown in Figures 3 - 8  through 
3-10, 
3 . 2 . 3  Analog Signal and Coding Accuracy 
An analog signal received by the data subsystem from a scientific 
instrument will be converted into a I  0-bit digital word in the digital 
telemetry unit. For an impedance of the analog signal source less  than 
500 ohms, the overall e r ro r  in converting the signal will be *0. 5 percent 
accuracy. For a larger source impedance the e r ro r  will be increased. 
Up to 16 analog inputs may be handled in the A and B formats. ' 
3 . 2 . 4  Signal Fault Voltages 
The exposure limit of the spacecraft to fault voltages on the signal 
lines will be as given in Table 3-5. The fault voltage exposure limit of 
the spacecraft is defined as  the maximum voltage level on the signal lines 
to which the spacecraft may be exposed with no degradation of operation 
after removal of the fault. 
3 . 3  SIGNALS TO SCIENTIFIC INSTRUMENTS 
3 . 3 . 1  Timing Signals 
The spacecraft data subsystem will supply the following timing 
signals to the scientific instruments a s  required. 
a )  Main Frame Rate Pulse. A pulse generated at the end of 
each main frame. 
b)  Science Subframe Rate Pulse. A pulse generated a t  the end 
of each 64th main  frame.  
c )  Word Rate Pulse.  A pulse generated each 3-bit periods. 
d)  Bit Shift Pulse.  A pulse generated a t  the operating bit r a t e  
of the DTU that shifts digital bits f rom the scientific 
ins t ruments  to  the data  subsystem. 
e )  32.  768 kHz Clock. A square  wave pulse t r a in  with a 
32.768 kHz repetit ion rate .  
f)  2048 Hz Clock. A pulse t r a in  with a 2048 Hz repetition rate.  
g )  Word Gate. A voltage level provided fo r  the t ime period 
that the spacecraf t  data  subsystem will accept digital data 
f rom an  output l ine of a scientific instrument.  The digital 
word gate  i s  continuous throughout consecutive word 
assignments  i n  the  main frame.  The length of the word 
gate is a lso  dependent upon the operating bit r a t e  of the 
data subsystem. The word gate will be capable of driving 
a second scientific instrument  which will u s e  the word 
gate a s  a timing signal only. There will be no readout of 
data f r o m  the second instrument.  
h) End of Memory. A signal generated whenever the DSU 
reaches  the l a s t  memory  location. One f rom each 
memory  module. (Provided on orbiter only. ) 
3. 3.2 DTU Operational Status 
The data subsystem will  supply s tate  signals to the scientific 
instruments  indicating the  following operational conditions of the DTU a s  
required: 
a) Bit Rates. The status of the eight bit ra tes  will be presented 
i n  a coded f o r m  using th ree  l ines as follows: 
. SIGNAL DESCRIPTION C o m n e n t s  
Word Rate Pulse 
B i t  S h i f t  Pulse 
S e c t o r  G e n e r a t o r  
DTU shall b e  
- - - - - - -  
3.0 V max from inst rument  
5.0 V max from ins t rument  
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Figure 3-8 .  DSU Circuit for Science Bit Shift Clock, Data 
Store Gate, and Digital Data 
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T T T 
BUFFER 
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Figure 3-9.  Circuit for Subframe Analog Bilevel  and 
Digital Data 
SPACECRAFT W I R I N G  CAPACITANCE 
175 p f  M I N  
500 p f  MAX 
Figure 3-10.  Circuit for Mainframe Digital Data 
+5v 
INPUT - 
Table 3-5.  Exposure Limits for Fault Voltages 
(FROM INST. )  0 
f 
Data Inputs 
Multiplexer 
Analog 
Bilevels 
Digital 
Outputs 
Experiment Word Gate Output 
Experiment Output Buffer 
Transmitter Output Buffer 
402K 
Fault Voltage Limits 
f 1 O  VDC 
flO VDC 
fiO VDC 
+ 10 VDC 
0 to +8 VDC 
0 to +8 VDC 
* 
--L 
7  
- - 
-12v 
b)  Formats, State lines will indicate which format the DTU i s  
operating in  a s  follows: 
TBD 
c)  Modes. Telemetry store and memory readout on individual 
lines. (Not required on probe bus.) 
3 . 3 . 3  Roll Index Pulse 
The spacecraft will  provide to the instrument, a s  required, a roll- 
index pulse which indicates when the spacecraft-to-sun line passes 
through a plane containing the spin axis and rotating with the spacecraft 
body. 
The roll index pulse i s  generated by the spin period sector 
generator (SPSG) of the DTU. The input to the SPSG i s  the roll pulse 
which i s  generated by the sun sensor assembly (SSA). Should the SPSG 
fail to receive roll pulses from the SSA, the SPSG will continue to output 
roll index pulses based on the most recently measured roll pulse time 
interval. 
During periods of time when the SSA i s  providing the roll pulse to 
the CEA, the roll index pulse can occur as described above with the 
reference line (R) directed toward the sun, o r  away from the sun, 
selectable by ground command. 
3.  3 . 3 .  i Deleted 
3 . 3 . 3 . 2  Sun for Source Stimulus 
When the stimulus source i s  the sun (and the look angle i s  between 
10 and 110 degrees) the anglk between the fixed reference line and the plane 
containing the spin axis (x) and the sun will: 
a )  Vary no more than 0.2 degree on a short-term basis (jitter). 
b) Vary no more than i 3  degrees on a long-term basis (days). 
3. 3. 3. 3  Roll Attitude 
The spacecraf t  te lemetry  data will  provide information which will 
permit  correlating the  attitude of the rol l  index reference l ine to an  
accuracy of *i /2 degree with a given te lemetry word by ground calculation. 
3 . 3 . 4  Spin Period Sector Generator 
The spacecraf t  will  have a redundant spin period sec tor  generator 
which will perform the following 
a )  Divide each spacecraf t  revolution into 512 sec tors  
(to within i 50 ps) using the rol l  index pulse (Section 
3 . 3 .  3 )  as a reference. 
b)  Operate over spacecraft  spin r a t e  range f r o m  2 
to 100 rpm. 
c )  Provide the following output pulses each revolution 
of the spacecraf t  to the scientific instruments  and 
spacecraf t  subsystems a s  required based upon 
receipt of one ro l l  pulse p e r  revolution: 
i ) One pulse each 1 / 8  revolution 
Accuracy = Spin Period to within i 50 ps 
8 
2)  One pulse each 1/64 revolution 
Accuracy = S in  Period to within i 50 ps. *
3 )  One pulse each 115 12 revolution 
Accuracy = Spin Period to within i 50 ps. 
51 2 
3. 3. 4. 1 Sector Generator  Modes - Fil tered Roll Pulse 
The spin sec to r  generator  will operate in th ree  different modes 
selectable by ground command. 
a )  Nonaveraging Mode. Nonaveraged output pulses t o  the 
scientific instruments.  
b) Spin Averaging Mode. The output pulses t o  the scientific 
instruments  will  be averaged over 6 4  spacecraf t  revolu- 
tions. In this mode the t ime between any se t  of adjacent 
f i l tered ro l l  pulses will  be the same a s  that between any 
other se t  t o  within 150 Ksec. 
c )  Hold Mode. Upon entry into eclipse, ' output pulses 
continue in the spin averaging mode using the spin 
period obtained just prior to eclipse entry. 
3 . 3 .  5 Commands 
TBD function commands have been allocated for scientific 
instrument use. The command assignments and nomenclature a r e  shown 
in Figure 3-11 for bus and orbiter.. The interface circuit for low-level 
function commands will be as  shown in Figure 3-12.  The on/off command 
interface circuit will be a s  shown in Figure 3-13. 
3 . 3 . 6  Characteristics 
The characteristics of signals from the spacecraft to the scientific 
instruments will be a s  defined in Figures 3-.7A and 3-7B. A definition of 
terms for the pulse signals and their characteristics is given in 
Figure 3-14. 
3 . 3 .  7 Circuit Diagrams 
Interface circuits for signals from the DTU and DSU to the 
scientific instruments will be as shown in Figures 3-1 5 through 
Figure 3-1 9. 
3 . 3 . 8  Signal Timing Diagram 
The time relationship of the timing signals supplied by the data 
subsystem to the instruments i s  shown in Figure 3-20. 
3. 3. 9 Signal Fault Voltage to Instruments 
The exposure limit of the instruments to fault voltages on the 
signal lines shall be as  given in  Table 3-5. The fault voltage exposure 
limit i s  defined as  the maximum voltage level on the signal lines to which 
the instruments may be exposed with no degradation of operation after 
removal of the fault. 
3 . 3 . 1 0  Spacecraft/Instrument Thermistors 
The interface circuit for spacecraft-supplied instrument 
thermistors will be a s  shown in Figure 3-21. These thermistors a r e  
powered and conditioned by the spacecraft, and will therefore, read out 
instrument temperatures at  al l  times, (i. e., instrument power on or 
off). 
To be supplied 
Figure 3 - i i . Command Assignments and Nomenclature 
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To be Supplied 
Figure 3-12.  Interface Circuit for Low-Level Function Commands 
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To be supplied 
Figure 3 -13 .  ON/OFF Command Interface Circuit 
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tR = RISE TIME 
to = PULSE DURATION 
tF = FALL TIME 
El = PULSE AMPLITUDE 
E2 = MAXIMUM OVERSHOOT = 0.5 V 
E~ = MAXIMUM' DROOP = 0.5 v 
Note: Maximum Undershoot = 0.0 V 
Figure 3 - 14. Definition of T e r m s  and Charac ter i s t ics  of 
Pu l se  Signals f rom the  DTU 
t 
TO NEXT INSTRUMENT 
+5 V DTU-A INTERFACE 
01~1 'SPACCCkAfT W t R i Y i  1 
CABLE CAPA'C I T M E  INSTRUMENTS 
I 90 PF H I N  I 25k 25k 800 PF MAX H I N  WIN 
- .  I n 
The cable capacitance of the  b i t  s h i f t  pulse and the  
r o l l  index pulse i s  1200 pf max. each. 
. 
-  
+5 V DTU-B 
Figure 3-15. Circuit  fo r  Typical Timing Pulse Signal, Roll Index 
Pulse, and Spin Period Sector Pulse  
. 
I 
- 
I 1 25k M I N  25k M I N  
I 
1 
1 
I 
I 
- - 
I 
 NOTE: MINIMUM INPUT 
RESISTANCE I S  I 50k OHMS WITH OR WITHOUT 
CAPACITOR 
+5V DTU-A INTERFACE 
INSTRUMENT 
OTU I 25K 25K 
- 
- 
- 
- 
+5V DTU-B 
To other  
Word Gates 
NOTES: (1 )  Minimum i n p u t  res is tance  i s  50K ohms w i t h  
o r  wi thout  capaci tor .  
(2 )  Spacecraf t  w i r i n g  w i l l  be 200 p f  min and 
and 600 p f  max. 
( 3 )  The p a r a l l e l  combination o f  200K ohms and 
i n s t r  load  s h a l l  n o t  be less  than 17K 
Figure 3-16. Circuit for Mainframe Digital Word Gate 
4 8 
INTERFACE 
DTU 1 INSTRUMENT 
NOTES: (1) Minimum input resistance i s  50K ohms with 
or without capacitor. 
(2) Spacecraft wir ing w i l l  be 200 p f  min and 
600 p f  max. 
(3) The para l le l  combination o f  lOOK ohms and 
i n s t r  load shall  not be less than 17K. 
+5v I 
1 25K 25K 
Figure 3 -17 .  Circuit for Subframe Digital Word Gate 
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Figure  3-18. Circui t  f o r  Typical  DTU Operational Status Signal 
+5 V DTU-A INTERFACE 
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I 
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I mx I - 
I 
I 
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INTERFACE 
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I WIRING I 
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I 
I 1 
- 
- 
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CAPACITOR 
Figure 3-19. DSU Circuit for Science End of Memory Signal 
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4. THERMAL 
4.1 OPERATIONAL TEMPERATURES 
Scientific instruments  will be exposed to ambient temperature levels  
that correspond with the instruments  mounting position. The specific 
levels a r e  l is ted i n  Table 4-1. 
Table 4-1. Scientific Instruments Ambient Temperature Levels 
Spacecraft  
Probe 
Bus 
Orbi ter  
Scientific Instrument 
Equipment Compartment 
Electron tempera ture  
probe electronics 
Solar A r r a y  Cavity 
UV spec t rometer  
Neutron m a s s  
spec t rometer  
Ion m a s s  spec t rometer  
Retarding potential 
analyzer  and 
electronics  
Equipment Compartment 
Radar  a l t imeter  
e lectronics  
Elec t ron  tempera ture  
probe electronics  
UV spec t rometer  
IR radiometer  
X- band occultation 
electronics  
Magnetometer 
e lectronics  
Ram Pla t form 
Neutron m a s s  
spec t rometer  
Ion m a s s  spec t rometer  
Ambient 
Minimum 
OC (OF) 
4 (40) 
- 30 (-22) 
4 (40) 
- 30 (-22) 
Temperature Levels 
Maximum 
OC ( O F )  
4 0 (104) 
60 (140) 
40 (1 04) 
60 (140) 
The boom mounted magnetometer can be maintained between 
- 2 0 ' ~  ( -40 '~)  and 60°c (140 '~)  with its own temperature control system 
consisting of a second surface mirror  radiator, multilayer insulation 
blankets, and instrument internal power dissipation. 
4.2 OPERATIONAL ENVIRONMENT 
Instruments that a r e  mounted external to the spacecraft equipment 
compartment, ram platform, or solar a r ray  cavity or  have sensors that 
penetrate the boundaries of the above areas  may be exposed to the 
following environments. 
4.2. i Prelaunch 
A temperature range of 4Oc ( 4 0 ' ~ )  to 40°c (1 0 4 ' ~ )  during the 
integration and test, storage, transportation to ETR, and spacecraft 
erection on-stand phases. Temperatures will be maintained between 
1 6 ' ~  (60°F) and 38Oc (1 Oo°F) once the fairing i s  in place. 
4.2.2 Powered Flight 
A fairing wall temperature between 16Oc (60 '~ )  and 38Oc (1 Oo°F) 
until the shroud is  jettisoned. At that time forward facing surfaces will 
be exposed to an instantaneous aerodynamic heat flux of 220 wattslmeter 2 
2 (0. 02 BTU/ft -sec) which decays linearly to zero in 25 seconds. 
4.2.3 EarthIVenus Transit 
A -273O~ ( -459 '~)  vacuum space environment with solar intensity 
levels and sun incidence angles shown in Figure 4-1. 
4.2.4 Venus Orbit Insertion 
An incident radiant heat f l u x  on aft-facing surfaces produced by the 
23 second insertion motor burn. The magnitude of this heating is  
presented in  Figure 4-2. 
4.2. 5 Venus Orbit 
An additional planetary emission and albedo heat input beginning 
approximately i 50 days after orbit insertion. This heat input occurs 
during the period when the spacecraft undergoes the longest eclipse. 
AU = SPACECWFl DISTANCE %OM SUN 
0 0 0  ? E E P b b  ; E .  a - b
0 - 
I I I I I / I ! I \ I  
AU = SPACECWFT DISTANCE FROM SUN 
0 0 0 0 - 4 
0 w c. rn 0 w 
I I I I 
G = INCIDENT SOUR WDlAl lON 
G i INCIDENT SOUL IUDIAllON a - 
S ~ H E E E E ~ I ~  
.-SOLAR ASPECT ANGLE iDEGi 
3, 
- 
Figure 4-2. 
Injection Motor Plume 
Incident Radiant Heat 
Flux 
Figure 4-3 specifies the peak orbital heat inputs in relation to the 
eclipse time. Orbital sun incidence angles and eclipse periods a r e  
presented in Figure 4-4. 
4.3 INSTRUMENT REQUIREMENTS 
When averaged over any 10-minute period of normal operation, 
the instrument thermal energy balance shall be such that: 
a )  The dissipated energy through external viewing ports 
shall not exceed the internally generated energy plus 
1 watt. 
b )  The sum of the absorbed energy through external 
viewing ports and the internally generated energy 
shall not exceed 0 .20 watts per square inch of 
instrument mounting surface. 
c )  The sum of the dissipated energy through the external 
viewing ports for al l  scientific instruments mounted 
within the equipment compartment shall not exceed 
3 watts for the probe bus and 1 0  watts for the orbiter when 
the platform temperature near the scientific instruments 
i s  4 ' ~  ( 4 0 ' ~ )  or lower. 
Figure 4-3 .  Solar and Venus Heat Inputs 
Near Periapsis 
-- 
DAYI AFIER "EN16 ORB11 INSERTION 
Figure 4-4. Venus Orbit Periapsis Altitude, 
Solar Aspect Angle, and 
Eclipse Duration 
5. ELECTROMAGNETIC INTERFERENCE, 
NOISE AND GROUNDS 
5 . 1  ELECTROMAGNETIC INTERFERENCE 
Spacecraft equipment and scientific instruments shall comply with 
the electromagnetic interference requirements specified in SRI -8, EM1 
requirement Pioneer F/G. 
5 . 2  NOISE 
Restrictions on noise introduced into the spacecraft power system 
are  given in Section 2 .  5 .  4. Restrictions on noise introduced into the 
spacecraft and instrument signal lines a r e  given in Figure 5 -1 .  
5 . 3  GROUNDS 
5 . 3 .  1  Power Grounds 
5 . 3 . 1 .  1  Primary 
The primary DC power leads to  the internal DC/DC converter 
scientific instruments shall be unshielded twisted pairs with the return 
connected to the spacecraft ground a t  one point only. The single ground 
point for primary DC power is  located inside the power control unit. 
5 . 3 . 1 . 2  Secondary 
The secondary power developed within the scientific 
instrument shall be connected to the chassis ground but DC-isolated from 
the primary power. Secondary DC power distributed from the instrument 
to an external load (sensor) shall be dc isolated from the load chassis 
and shall imply a single-point secondary DC power ground within the 
instrument package. 
5 . 3 . 2  Signal Returns 
Signal returns shall be connected to chassis ground within the 
instrument. The instrument power onloff command return shall be 
connected to the instrument primary power return at the spacecraft 
single point ground. 
5. 3 . 2 .  1 RF, Command, and Digital Pulse Signals 
All signals between the spacecraft and the scientific instruments 
shall be limited to a maximum of TBD microamps each. Shielded 
:EXkSDING PAGE BLANIC NO'i' FLi,lia 6 i 
To Be Supplied 
Figure 5 - 1 .  Electromagnetic Interference Limits 
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cable shall be used for all R F ,  command, digital, and pulsed interface 
signals. Coaxial cables shall be used only when signal levels and 
circuit sensitivitieslimpedance demand it. 
5. 3.2.2 Analog Signals 
These signals shall be of a magnitude less  than TBD microamperes. 
All analog signal wires shall be unshielded. 
TBD 
-
5. 3. 3 Shield Ground 
A shielded wire with shield grounded at one end or both ends of the 
cable run shall employ a shield ground directly to the spacecraft 
structure. The shield ground wire shall be a s  short a s  possible 
(generally l ess  than 1 .  0 inch) using a halo-ring o r  similar terminating 
device bonded to the spacecraft structure via the scientific instrument 
chassis. 
5. 3, 3. i Shield Termination 
a )  . Shields which a re  intended to reduce magnetic field 
coupling shall be grounded a t  both ends of the cable 
run. 
b) Shields which a re  intended to reduce electric field 
coupling may be grounded at one end of the cable run, 
provided the shield length is  shorter than one-fifth 
of the wavelength of the highest frequency of interest. 
The shield termination should be at  the grounded end 
of the circuit unless otherwise specified. 
c )  A shield length longer than one-fifth of the wavelength 
of the highest frequency of interest shall be grounded 
at both ends and at all intermediate interfaces. 
d )  Coaxial cable shields shall be grounded at both ends 
and a t  al l  intermediate interfaces. 
5.3.3.2 Shields on Cables 
Interconnecting cables fo r  R E  (15 kHz and above) o r  high impedance 
circuits ( i ,  000 ohms and higher) shall have the shields chassis grounded 
at  both the source and load ends. 
5.3.4 Bonding 
The mounting base plate of the scientific instrument shall be in 
total contact with the spacecraft mounting surface. The electrical bond 
between any interface connector shell via the scientific instrument 
chassis to the spacecraft platform shall not exceed a DC resistance of 
i0. 0 milliohms per slice joint. 
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SCOPE: 
This document defines the characteristics of the Pioneer Venus 
Large Probe spacecraft pertinent to the scientific instruments 
and the requirements of the Large Probe on the scientific 
instruments. 
1 . 1  Cunfi~:u~~aLion 7r1d Dirnensiutis -
The approxiinate s i ze  allocation fo r  each experiment  instrument  
shal l  be a s  given in Table 1. 0. These data a r e  specifically for  that 
instrument  complement a s  present ly defined fo r  the La rge  Probe.  Changes 
to the jnstrument complement a r e  anticipated ant1 can he  accommoclated. 
The Large  P r o b e  descent capsule  showing the location fo r  the 
var ious experiment  instruments  is given i n  F igure  1. 0. 
1.2 Mass  P rope r t i e s  
The  weight and volume fo r  each of the  ins t ruments  shal l  not exceed 
those weights l is ted in  Table 1. 1. The specified weights do not include any 
connectors and cabling between the experiment boxes. 
1. 3 Mounting Technique 
To minimize heat  leakage into the probe it i s  p re fe r red  that ins t ru-  
ments  not be mounted physically to  the p r e s s u r e  v e s s e l  but be mounted in  
intimate contact with the internal  equiprncnt shelf. It is recognized that 
some instruments  will have elements  that need to  be t ied s t ructural ly  to thi. 
p r e s s u r e  vesse l  surfaces.  The mounting of each instrument  will be specified 
within and controlled by the P ro jec t  Office through the Instrument  ICD. The 
probe design i s ,  however ,  capable of accommodating various combinations of 
mounting a s  follows: 
(a) Single o r  multiple boxes 
(b) Internal  p r e s s u r e  vesse l  o r  shelf a t tachment  
(C  External  p r e s s u r e  vesse l  o r  non-pressure  vessel  attachments 
1.3.1 Mechanical Attachment 
(a) P r e s s u r e  shell  penetrations 
Any instrument  p a r t s  that require  a penetration of the 
p r e s s u r e  shell  will be  mounted with threaded fitting and compression nut 
assembly  s imi lar  to that shown in F igure  1. 3. The gasket will be mounted 
i n  a groove i n  the shoulder of the fitting and will s ea l  against  a smooth, flat  
sur face  machined into the p r e s s u r e  shell. 
(b) Equipment Ring ~ s s e m b l ~  
The Instruments  with p a r t s  that r equ i re  a penetration of the 
p r e s s u r e  shell  sha l l  make  that penetration through the p r e s s u r e  equipment 
ring shown in E i g i ~ r c  1. t i .  '1 !I<: portion of instrument  internal  to p r e s s u r e  
vesse l  will hc ~rlvuntr:tl on an equipment platform attached to this  ring. 
1 .4  Thcrnla l  Atiar:hmi:nt 
- - - - .. .. - 
The the rma l  cha rac le r i s t i c s  of the mechanical attachment shall  be 
designed to promote heat t r a n s f e r  between the ins t ruments  and the equipment 
platform. Assuming such hea t  t ransfer  propert ies  the  equipment shelf 
tempera tures  will r each  the values shown in Table 1. 2 a t  the indicated t imes  
during the l a r g e  probe descent. The tempera tures  of the  equipment r ing 
assembly  a r e  a l so  shown to identify the thermal  environment for  those 
pa r t s  of the expcriments  which must  be  mounted d i rec t ly  on the ring. 
1.5 Dynamic and. Static Environments  
The  significant dynamic and s tat ic  environments to be encountered by 
the science ins t ruments  occur  during (a) launch and t rans-Venus injection, 
(b) interplanetary cru ise ,  ( c )  Venus encounter, p resepara t ion  and probe 
cru ise ,  (d) Venus en t ry  and (e) descent. The Dynamic and Static environ- 
ments  a r e  summarized  i n  Table 1. 3. 
1.6 Alignment 
Instrument  mounting su r faces  wi l l  be held to alignment tolerances 
of - t 0. 5 degree  with r e spec t  t o  the probe coordinate system. Instruments  
requir ing c loser  alignments will be assigned individual mounting provisions 
or  the instrument  sha l l  provide individual capability to  sat isfy c r i t ica l  
alignment requirements .  Equipment will be mounted in a manner that will 
be  compatible with t h e r m a l  control  and s t ruc tura l  integri ty  a s  requi red  for  
the system. Mounting points on the equipment platform will have mounting 
sur faces  with an  out of plane tolerance not to exceed .0127 c m  (. 005 in). 
1.7 Operating Atmosphere 
The probe in terna l  p r e s s u r e  may  v a r y  during different p a r t s  of the 
2 
mission. The probe will be  sea led  a t  103 kN/m N2 (1 ATM) and may leak  
2 down to a p r e s s u r e  not l e s s  than 41.4 kN/m (0.4 ATM). 
1.8 Windows and Feed-  Throughs 
1.8.1 Window Mechanica.1 Interfaces.  All windows through probe  p r e s s u r e  
-
vesse l  will consis t  of a n  i - i n n r  a n d  a n  n i l t ~ r  lens elpment. The en te r  ele-r.e?.t 
will be  extended beyond the probe  insulation. The inner  element  will be  
locatccl just outboard of tllr walls of the p r e s s u r e  vessel.  Each element  i s  
2 
capable of withstanding a r n a ~ i n ~ ~ ~ ~ n  p r e s s u r e  differential of 9 .42  M N / m  a t  
the Venus surface. 
The basic envelope and geometr ical  configuration for the  various 
instrument  window types i s  given in  F igure  1. 2. 
All windows a r e  located in  the equipment p r e s s u r e v e s s e l  r ing f r a m e  
(structAra1 shell  segment)  of the La rge  Probe.  
Heating fo r  a l l  windows will be  supplied by the probe to minimize 
deposits of any condensation products. Window heater  power will be turned 
on at aeroshel l  separat ion ( a t  which t ime  the window tempera ture  is approxi- 
mately 305K and the atmospheric  t empera tu re  i s  225K and will remain  on 
until probe impact. 
1.8.2 Mechanical Feed-Throughs. A p r e s s u r e  vewwel penetration will be 
provided for the  inlet  to the p r e s s u r e  gauges. The p r e s s u r e  gauge feed- 
through i s  i l lustrated i n  Figure 1.0. 
1.8, 3 Electr ical  Feed-Throughs. Elec t r ica l  feed-throughs for  the p r e s s u r e  
vesse l  will be  provided fo r  the Tempera ture  Sensor,  Hygrometer,  Accelero- 
me te r  Calibration Connector, Window Hea te r s  and Thermis tors .  In addition, 
provisions fo r  RF-coax feed-throughs is requi red  for  the Wind Altitude Radar 
instrument.  A maximum of 148 pins a r e  available for science instruments .  
The electr ical  feed-throughs fo r  the l a rge  probe a r e  shown in 
F igure  1.0. 
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TABLE 1 . 0  1,ARGE PROBE INSTRUMENT ALLOCATION 
Instrument  
o Acce lerometer  
o -Tempera ture  Gauge (2)  
(Excluding Senso r )  
o P r e s s u r e  Gauge 
(Excluding Sensor )  
o Cloud Pa r t i c l e  Size 
Analyzer 
o Solar  Radiometer  
o IR Flux Radiometer  
Max. Envelope 
Dimensions 
Excluding 
Connectors 
cm 
8 . 9 x 8 . 9 x 9 . 5  
2 . 5 x 5 . 5 x 8 . 0  
2 . 7 ~  5 . 3 ~  9 .3  
12.7 Dia. x 25.4 
10.5 x 13.2 x 13.0 
Volume 
(Nominal) 
- t 15% 
CC 
665 
100 
115 
3275 
1600 
1600 
9830 
4100 
330 
8195 
I 10.5 x 13.2 x 13.0 
o Neutral  Mass  
Spectrometer  
o Gas  Chromatograph 
0 Hygrometer  
(Excluding Sensor )  
0 Wind Altitude Rada r  
Refe r  t o  F igu re  1. 0 
fo r  envelope 
constraints  
10.6 x 15.9 x 27.9 
2 .6  x 10.7 x 13.3 
15.0 x 33.0 x 19.0 
T A  1 1 SCIEYICE %ASS I'IIOPEIITIES (LARGE PROBE) 
1 
Weight ' 
kg + 15'jo , 
- 10% I , 
1.15 I I 
o. 1 
0.3 
3. 65 
2. 25 
- 
2. 25 
9. 07 I I 
3.6 1 1 
.50 1 
4.0 1 
1:59 j 
I 
28.76 kg 1 
- 
I n s t r u m e ~ l t  
Acce le romete r ( s )  
Tempera tu re  Gauge(s)  
P r e s s u r e  Gauge(s) 
Cloud Pa r t i c l e  Size Analyzer 
Solar  Radiometer  
IR F lux  Radiometer  
Weight 
Lbs  + 1570 
- 10% 
2. 5 
0.9 
0. 65 
8.0 
5.0 
5.0 
Neutral  hfass  Spec t rometer  
I 
I 20.0 
Gas Chromatograph 
Hygrometer  
Wind Altitude Rada r  
Transponder  
L a r g e  P r o b e  Total  
8.5 
1.1 
8.8 
3.5 
63.95 Lbs  
TEMPERATURES O F  EQUIPMENT PLATFORM 
AND EQUIPMENT RING ASSEMBLY 
Time 
Event (hours)  Shelf Ring 
Aeroshel l  Separation 0 305  K 305 K 
Chute Release  
Surface Impact  1 . 2 1  322  K 370  K 
TABLE 1.3 
LAUNCH AND INTER- VENUS ENCOUNT, VENUS 
TRANS VENUS PLANETARY PRESEP, SEP 6 ENTRY DESCENT 
ENV1:RONMENT IKJECTION CRUISE PROBE CRUISE 
DURATION ,z 30 Min x 91 Days "25 Days Z541 Sec. % 73 :!~fl. 
PROBE FUNCTIONAL MODE NONOPERATE NONOPERATE "OPERATION OPERATION 0PE;LVIl:d 
x ? ; N m  
ACOliSTICS 142 db OAL NEGLlGIBLE QNEGLI GIBLE 137 db OAL Ni?GLIGlGi,!3 
VIBIATION (NO SINE DURING OPERATION AND NO RAMDOM DURING NON-OPERATION) 
SINE (1)  NEGLIGIBLE  NEGLIGIBLE NEGLIGIBLE I~TGLICIl~.I..L 
RANDOM NEGLIGIBLE NEGLIGIBLE *NEGLIGIBLE 6.1 g r m s  NECLIGICLE 
- 
- - NZ 
- 
4 SHOCK 
4 OTHER WAN PYRO NEGLIGIBLE N/A 
PYRO 1400 g @ 2000 HZ N/ A 
N/ A N/A N/A 
N/  A 3100-5400 g ' s  N/A 
2000 -,-010,000 HZ 
ACCELERATION 
LINEAR-THRUST AXIS 20 6 Max. N/A N/ A N/A ?!/A 
SPIN (CENTRIFUGAL) 2.8 g p e r  .008 pe r  .008 g p e r  .008 g pe r  .008 g per 
r a d i u s  r a d i u s  r ad ius  r ad lus  r a d ~ u s  
foot: from f o o t  from f o o t  from foo t  from f o o t  f ron~ 
s p i n  a x i s  s p i n  a x i s  s p i n  a x i s  s p ~ n  a x l s  sprn  a x i s  
DECELERATION 
LINEAR-THRUST AXIS N/A N/A 
-LATERAL N/A N/ A 
DESPIN-(ANGULAR DECEL) 
N/A 358 g NEGLIGIBLE 
N/A 2 g 
(1) Axial:  1.5 g ;  5-15 & 21-100 HZ 
4.5 g ;  15-21 HZ 
Latera l :  1 .5 g; 5-14 'HZ 
1 .0  g ;  14-100 HZ 
TABLE 1.3 (CONTINUED) 
LARGE PROBE - INSIDE PRESSURE SHELL - DYNAYIC E N V I R O M N T S  
* 
LAUNCH AND INTER- VENUS ENCOUNT, VENUS 
TRANS VENUS PLANZTARY PRESEP, S E P  & ENTRY DIISCEXT 
ENVIROltTMENT \ INJECTION CRUISE PROBE CRUISE 
DURATION e,' 30 Min. % 91 Days % 25 D a y s  " 4 1  S e c .  x 73 >:ill. 
PRCBE FUNCTIONAL NODE NONOPERATE NONOPEIUTE OPEFATION OPEEATI(.!I; *OPERATION 
.,L 
--.*O:!OPERhTE - 
ACCUSTICS 142 d b  OAL NEG1,IGIELE :<ECI.IGIIILE 142 d b  OAL NECLIG1;;LE 
- - 
VIBIWl'ION 
-J ' S I N E  1.5 t o  4.5 g NEGLIGIBLE NEGLIGIBLE NEGLIGIBLE NEGLTC-ISLE 
m RANDOEI NEGLIGIBLE NEGLIGIBLE NEGLIGIBLE 6.1 g rms 
SHOCK 
OTHER THAN PYRO NEGLIGIBLE N/A N/ A N/A N/A 
P mO N/A N/A N/ A 2 0 0 0  g @ N/A 
3000 HZ 
ACCELERATION 
LINEAR 
S P I N  
S P I N  UP 
1 6  g Max. N/A N/ A N/A N/A 
2 . 8  g p e r  .008 g p e r  .008 g p e r  .008 g p e r  .008 g p e r  
r a d i u s  r a d i u s  r a d i u s  r a d i u s  r a d i u s  
f o o t  from f o o t  from f o o t  from f o o t  from fooF :run, 
s p i n  a x i s  s p i n  a x i s  s p i n  a x i s  s p i r .  a x i s  s p i n  a s i s  
DECZLERATION 
LINEAR 
DESPIN 
TABLE L.3 (CONTINUED) 
LARGE PROEE - OUTSIDE DESCENT CAPSULE - (INSIDE AEROSHELL) - STATIC ENVIRONMENTS 
LAUNCH AND INTER- VENUS ENCOUNT, VENUS 
TRANS VENUS PLANETARY PRESEP, SEP & ENTRY DLSCEKT 
INJECTION CRUISE PROBE CRUISE 
DURATION 2 3 0  Eiin. z 9 1  Days = 2 5  Days .Z 4 1  S e c .  z 7 - 3  ' I-. 
--a 
NO?~lOL'E~L4TE *OPEtWl'LOiJ PROBE FUNCTIONAL MODE NONOPEMTE ., i . .ho ; \ i~~~ ' . : :~?~~.~~ . OPISIUTION N'3!2i?.'I(!. i
. .. - . 
TEi~ZEMl'UIE 
BULK A'I?lOS. FOREBODY 294 + 11K 265 tu 5 4 1  K 'k270 t o  326K 
**256 t o  340K 262 t o  278K 
BULK ATEIOS. AFTERBODY 294 t 1 1 K  177 t o  422  K 4168  t o  219K 
*156 t o  2051; 205 t o  227K 
-I 
\O AEROSHELL- FOREEODY X N/A INSIDE 255 t o  370K SURFACE AFTERBODY N/A 
PRESSURE ~ l r n ~  10 .13  k ~ / r n ~  1.333 x 1 0 - ' ~ ~ / r n ~  . O l  t o  9 . 4 2  9 .42  ;n~/!a2 
m ~ / m 2  'ext . 
.10 d / m 2  i n t  
HUMIDITY N/ A N/  A N/A N/A N/A 
ATMOSPHERIC COMPOSITION AIR TO SPACE SPACE SPACE CO, : 95% b v  Vol  
L (RADIATIONS, (RADIATIONS, (RADIATIONS, Eelow t u r b o p a u s e :  
METEOROIDS, blETEOROIDS, METEOROIDS, C02-97%, N2-3% 
ETC.) ETC.) ETC . ) 
A t  t u r b o p a u s e :  
TABLE 1.3 (CONTINUED) 
. 
LARGE PROBE - I N S I D E  PRESSURE SHELL - STATIC ENVIRONMENTS 
MISSION LAUNCH AND INTER- VENUS ENCOUNT, VENUS 
TRANS VENUS PLANETARY PRESEP, S E P  & ENTRY DESCEXT 
ENV IRONPENT 
- INJECTION CRUISE PROBE CRUISE 
DURATION 30 Min. zz 91 Days 25 Days 4 1  S e c .  z 7 3  :KLI. 
-- 
PROBE FUNCTIONAL blODE N0I:OPERATE NONOPEIUTE *OPEPATION OPERATION OFELWT1~)': 
- *'~NOMOI'ElL1'~E 
BUJX ATMOSPHERE 2 9 4  4 11K 3 0 5 K  t o  9c*255 t o  3 0 8 K  2 5 5  t o  2 7 2 K  2 7 2  t o  3 3 6 K  
TEbIPERATUIU 2 6 6 K  t o  * 2 6 4  t o  3 0 8 K  
I N S I D E  WALL 3 1 0 K  
CO - 
PRE:;SURE 103 ~<N/M' 103 kN/rn2 103 lcN/m 103 k ~ / r n '  103 k ~ / n ~  2 
HDI-:DITY .C 0% RH % 0'0 RH 0% RH 0% Rl --. 37, x: 
- 
ATPIOSPIIERIC COMPOSITION DRY N2 DRY N2 DRY N2 DRY N2 D?,Y ?i2 
LARGE PROBE - OUTSIDE DESCENT CAPSULE - ( INSIDE AEROSHELL) - STATIC ENVIRONMENTS 
LAUNCH AND INTER- VENUS ENCOUNT, VENUS 
TRANS VENUS PLANETARY PRESEP, S E P  & ENTRY DESCEN'C 
INJECTION CRUISE PROBE CRUISE 
DURATION % 30 Min. M 91 D a y s  % 2 5  D a y s  ;J 41 S e c .  =. 73 :l-.n. 
PROBE FUNCTIONAL MODE NONOPERATE NONOPERATE WPERATION OPERATION OPEPA2IO:J 
*WONOPERATE 
RADIATION 
1 4 p w l m  2 SOLAR N/ A N/A 
w 
CL @ EAKTH2T0 
28p w l r n  
@ VENUS 
VENUS N/A % BLACK BODY 
TBD TBD 
VENUS ALBEDO N/A N/A S e e  F i g .  1.1 
SPACE 
2 . U  ~LCCIKlC~IL rOFEF, Axi l  CABLLXG 
2.1 liardware 
The Largc Probe Electrical Power Subsystem consists of a battery, 
power switches, fault protection elements, and pyrotechnic firing 
circuitry. 
2.2 Power Sources 
2.2.1 Ground Power. Ground power (via the ground checkout connector) and 
Probe battery power will be used as required for prelaunch activities. 
Use of Probe battery power will be limited during all testing phases 
and prohibited after final battery charge. 
2.2.2 Cruise Power Source. Power during the cruise portion of the mission 
(launch insertion through Probe separation from the Probe Bus) will be 
supplied from the Probe Bus. The voltage shall be 28 VDC ?lo%. 
2.2.3 Post Separation Pcwer. Power after Probe separation will be derived 
from the Probe battery. 
2.3 Power Control 
2.3.1 Voltage Control. The output voltage of the Probe is regulated by monovalent 
operation of the silver-zinc battery and shall be 28 VDC 2 10%. 
2.3..2 Fault Protection. Power to science instruments will be fused individu- 
ally at the levels shown in Table 2.2. The fuses will be located in 
the Probe power subsystem. 
2.3.3 Switching. Instrument turn-on/off will be accomplished by switching 
of the branch circuit in the Probe power subsystem. 
2.4 Probe Output Characteristics 
2.4.1 Di~trib~ltion. Each scientific instrument will receive electrical 
power through an individual, fused, branch circuit. The branch circuit 
:tECEDING PAGE BLANK NOT FILNLD 
w i l l  be  energ ized/de-energ izrd  by Probe sequencer c o n t r o l .  Power 
conversion a t  each ins t rument  will be synchronized by a s tandard  
o s c i l l a t o r  d r i v e  s i g n a l  from t h e  Probe. The power a l l o t t e d  t o  t h e  
ins t rument  i s  measured a t  t h e  spacec ra f t / i n s t rumen t  i n t e r f a c e  connector .  
See Table 2.1. 
2.4.2 Voltave. Steady s t a t e  power t o  t h e  ins t ruments  will  b e  28 VDC + lo%, 
as measured a t  t h e  ins t rument  te rminals .  
2.4.3 Noise and Ripple. Except f o r  t h e  t r a n s i e n t  v o l t a g e  excurs ions  s p e c i f i e d  
below, t h e  peak-to-peak ampli tude of  any v o l t a g e  excurs ion ,  p e r i o d i c  o r  
a p e r i o d i c ,  will n o t  exceed 1.0 v o l t  a t  any frequency between 30 Hz and 
10.0 KHz dec reas ing  a t  6 dB/octave t o  0.5 v o l t s  a t  20.0 KHz and remaining 
a t  0.5 v o l t s  through 100 MHz. 
2.4.4 Trans i en t  Voltaxe Excursions 
(a)  Performance - The i.:strurne t s  s h a l l  be designed t o  accommodate 
wi thout  perrormance degradnt;o.i, vo l t age  t r a n s i e n t s  up t o  -i42 VDC 
o r  down t o  +18 VDC f o r  ciurations of 10 microseconds o r  vo l t ages  
down t o  +20 VDC f o r  d u r a t i o n s  of 500 m i l l i s e c o n d s  on t h e  nominal 
-i28 VDC bus. 
(b) Damage - The ins t rumen t s  s h a l l  be  designed so t h a t  no damage, long 
term degrada t ion ,  o r  modes where proper  performance i s  not au to-  
. . 
m a t i c a l l y  resumed when t h e  t r a n s i e n t  i s  removed, s h a l l  occur when 
10 microsecond v o l t a g e  t r a n s i e n t s  up t o  +56 VDC o r  down t o  0  VDC 
a r e  seen on t h e  nominal +28 VDC bus. 
2.4.5 Source Impedance. The source  impedance wil l  not  e x c e e d  0. 5 ohms.  
2.4.6 Other Voltages - None defined.  
2.5 Instrument  Load C h a r a c t e r s t i c s  
2.5.1 Load C u r r e , ~ t  
2.5.1.1 Average - See Table 2.2. 
2.5.1.2 Peak - See Table 2.2. 
84 
2.5.2 nutv  Cvclc. Not applicable. 
2.5.3 Inrush Currcnc. Upon application of the 28 vdc primary power to the 
instrument's primary power circuit the instrument's load current surge 
shall not exceed the larger of 400 milliamperes or 100 percent above 
the steady state requirement. The current shall return to steady.state 
+ 10% within 10 milliseconds. 
- 
2.5.4 Load Noise. When operating from a power source impedance of 1.0 ohms, 
no single instrument shall feed back into the power input circuit any 
electrical noise either periodic or aperiodic in excess of 560 milli- 
volts peak-to-peak at any frequency between 30 Hz and 10.0 KHz decreasing 
at 6 dB/octave to 280 millivolts peak-to-peak at 20.0 KHz and remaining 
at 280 millivolts peak-to-peak or less from 20.0 KHz through 100 MHz. 
2.5.5 Grounding. The input power supply circuit shall be isolated from chassis 
ground within each instrument by at least 10 megohms at 500 VDC. 
2.5.6 Bonding. All instrument cases shall be bonded to probe structure and 
shall have a maximum permissible bonding impedance of 10 milliohms. 
Bonding of science instruments shall be in accordance with MIL-B-5087 
(latest revision). 
2.6 Connectors and Cabling 
2.6.1 Connector Types. The connector installed on an instrument that connects 
the instrument to the spacecraft harness shall be a male (straight or 
coaxial insert) pin connector selected from the Cannon non-magnetic series 
of connectors (NMC-A-106 suffix). The use of two identical connectors 
on any one box is prohibited. Keying shall be provided. Use of end pins 
shall be avoided, if possible. 
2 . 6 . 2  I n t e r f a c e  Connector  L o c a t i s .  The c e n t e r l i n e  o f  t h e  i n t e r f a c e  
c o n n e c t o r  s h a l l  b c  l o c a t e d  as d e f i n e d  i n  Secti.cjn 1 .0 ,  F i g u r ?  1.0, 
2 . 6 . 3  T e s t  Connector  L o c a t i o n .  The l o c a t i o n  of t e s t  c o n n e c t o r  ( i f  r e q u i r e d )  
s h a l l  be  d e f i n e d  i n  S e c t i o n  1 .0 . ,  F i g u r o  1.0,. 
2 . 6 . 4  C o n n e c t o r  P i n s .  Cannon non-rnagnetic p i n s  s h a l l  be  used.  Connector  
s a v e r s  s h a l l  be  p r o v i d e d  f o r  e a c h  i n s t r u m e n t  c o n n e c t o r .  The p i n  a s s i g n -  
ments s h a l l  b e  i n  a c c o r d a n c e  w i t h  T a b l e  2 . 1 .  
2 .6 .5  Connector  E n c a p s u l a t i o n .  I f  e n c a p s u l a t e d ,  t h e  e n c a p s u l a t i o n  s h a l l  be 
done w i t h  mated c o n n e c t o r s  t o  i n s u r e  p r o p e r  p i n  a l i g n m e n t .  ARC s h a l l  be 
n o t i f i e d  of  t h e  u s e  o f  any  e n c a p s u l a t e d  i n t e r f a c e  c o n n e c t o r s .  
2.6.6 Connector  I d e n t i f i c a t i o n .  Each c o n n e c t o r  s h a l l  b e  i d e n t i f i e d  by a  
number i n  a c c o r d a n c e  w i t h  S e c t i o n  1 .0 . .  F i g u r e  1.0. 
2.6.7 Wir ing .  Wires  between any  two u n i t s  of one i n s t r u m e n t  s h a l l  be 
t w i s t e d  p a i r s  whenever p o s s i b l e .  S h i e l d e d  t w i s t e d  p a i r s ,  s i n g l e  con- 
d u c t o r ,  o r  c o a x i a l  c a b l e s  may be used i f  n e c e s s a r y ,  e x c e p t  t h a t  c o a x i a l  
c a b l e s  s h a l l  be  a v o i d e d  where t h e  w i r i n g  between t h e  two u n i t s  must p a s s  
t h r o u g h  Probe s t r u c t u r a l  i n t e r f a c d s .  The maximum w i r e  s i z e  w i l l  be No. 
2 0  AWG, and t h e  minimum w i r e  s i z e  (excep t  f o r  c o a x i a l  c a b l e s )  w i l l  be  
No. 2 4  AWG. 
DHC 
PCU 
TP 
STP 
TLM 
MUX 
CPSA 
SFR 
PER 
NMS 
GC 
ABUCEVIATIONS 
For 
-
TABLE 2.1 . 
Data Handling & Command Unit 
Power Control Unit 
Twisted Pair wire 
Shielded Twisted Pair wire 
Telemetry 
Multiplexer (analog data) 
Cloud Particle Size Analyzer 
Solar Flux Radiometer 
Planetary Flux Radiometer 
Neutral Hass Spectrometer 
Gas Chromatograph 
Table 2. 1 
ELECTRICAL WIRING LIST 
LARGE PROBE/INSTRUMENT INTERFACE 
Connector Load o r  Connector 
I t em Type of Signal Source P i n  Destination Pin  
TEMP GAUGE 
Cor.verter Sync Signal Probe  PCU 
t 2 9  VDC Power Power Probe  PCU 
28  'JDC Return Power Probe  PCU 
Analog TLM, Temp Telemetry  Temp Gauge 
Andlog TLM, Thermis to r  Telemetry  Temp Gauge 
Analog TLM Return Telemetry  Temp Gauge 
Temp Sensor  No. 1 Signal Signal Temp Sensor 
~ e m p  Sensor  No. 1 Return Signal Temp Sensor 
Ternp Sensor  No. 2 Signal Signal Temp Sensor 
Temp Sensor No. 2 Return Signal Ternp Sensor 
PRESSURE GAUGE 
Sync 
t28 VDC Power 
28 VDC Return 
Signal P robe  PCU 
Power P robe  PCU 
Power Probe  PCU 
Analog TLM, P r e s s  Telemetry  P r e s s  Gauge 
Analog TLM, Thermis tor  Telemetry  P r e s s  Gauge 
Analog TLM. Return Telemetry  P r e s s  Gauge 
Temp Gauge 
Temp Gauge 
Temp Gauge 
Probe  DTU 
Probe  DTU 
Probe  DHC 
Temp Gauge 
Temp Gauge 
Temp Gauge 
Temp Gauge 
P r e s s  Gauge 
P r e s s  Gauge 
P r e s s  Gauge 
P robe  DTU 
Probe  DTU 
Probe  DTU 
Table 2. 1 
ELECTRICAL WIRING LIST 
LARGE PROBE/INSTRUMENT INTERFACE 
Connector Loa'd o r  - Connector 
I t em Type of Signal Source P in  Destination P in  
ACCELEROMETER 
Converter  Sync 
t 2 8  VDC Power 
28 VDC Return  
Signal 
Power 
Power 
Analog T LM, axial  Te lemet ry  
Analog TLM, backup Telemet ry  
Analog TLM, Turbulence Telemet ry  
QI 
\O AnaLog TLM, l a t e ra l  1 Telemet ry  
Analog TLM, l a t e ra l  2 Te lemet ry  
Analog TLM, r e tu rn  Telemet ry  
Checkout No. 1 Ground Checkout 
Checkout No. 2 Ground Checkout 
Checkout No. 3 Ground Checkout 
Checkout No. 4 Ground Checkout 
Checkout r e tu rn  Ground Checkout 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
Accelerometer  
CLOUD PARTICLE SIZE ANALYZER 
C o n ~ e r t e r  Sync Signal P robe  PCU 
t 2 8  VDC Power Power P r o b e  PCU 
28 \-DC Return Po  we r P r o b e  PCU 
Ser ia l  Digital Data Telemet ry  CPSA 
Accelerometer  
Accelerometer  
Acce le romete r  
P r o b e  DTU 
P r o b e  DTU 
Probe  DTU 
Probe  DTU 
P r o b e  DTU 
Probe  DTU 
Checkout Connector 
Checkout Connector 
Checkout Connector 
Checkout Connector 
Checkout Connector 
CPSA 
CPSA 
CPSA 
P r o b e  DTU 
Table 2. 1 
ELECTRICAL WIRING LIST 
LARGE PROBE/INSTRUMENT IPU'TERFACE 
Connector Load o r  Connector 
I t em Type of Signal Source P i n  Destination P i n  
Cloud Pa r t i c l e  Size Analyzer (continued) 
Bit Cloclc Timing P robe  DTU C PSA 
Word Gate Timing P robe  DTU 
S0LP.R FLUX RADIOMETER 
Cc~nver te r  Sync 
9 
$28 VDC Power  
0 28 VDC Re tu rn  
Data Readout Sync 
Timing P u l s e s  (1 second) 
Se r i a l  Digital Data 
Bit Clock 
Word Gate 
Signal 
Power  
Power  
Timing  
Timing 
Te leme t ry  
Timing 
Timing 
P robe  PCU 
Probe  PCU 
Probe  PCU 
P r o b e  D'TU 
P robe  DTU 
SFR 
Probe  DTU 
Probe  DTU 
IR FLUX RADIOMETER 
Conver te r  Sync Signal P r o b e  PCU 
t 2 3  VDC Power  . Power  P r o b e  PCU 
28 VDC Re tu rn  Power P r o b e  PCU 
Se r i a l  Digital Data Te leme t ry  IRFR 
Bit  Clock Tiining P r o b e  DTU 
Word Gate Timing P robc  DTU 
SFR 
SFR 
SFR 
SFR 
SFR 
P r o b e  DTU 
SFR 
SFR 
IRFR 
IRFR 
IRFR 
P r o b e  DTU 
IRFR 
IRFR 
Table 2.1 
ELECTRICAL WIRING LIST 
LARGE PROBEIINSTRUMENT INTERFACE 
Connector . Connector 
I tem Type of Signal Source P i n  Destination P i n  
HYGROMETER 
Converter  Sync Signal 
t2.8 VDC Power Power 
28 V DC Return Power 
Analog TLM Humidity Telemetry  
Ana og TLM Range Telemetry  
Analog TLM Housekeeping Telemetry  
Analog TLM, re tu rn  Telemetry  
\O Hurridity Sensor No. 1, High Signal 
- 
Hun-idity Sensor No. 1, Return  Signal 
Hurridity Sensor  No. 2,  High Signal 
Hurridity Sensor No. 2, Return  Signal 
Temp Sensor,  High Signal 
Temp Sensor ,  Return Signal 
Sensor  Power Power 
Sensor Power Return  Power  
NEUTRAL MASS SPECTROMETER 
Converter  Sync Signal 
+28 VDC Power  Power 
28 VDC Return Power 
S e r i ~ l  Digital Data Telemetry  
Bit (;lock Timing 
Wor i Gate Timing 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Hygrom. 
Hygronl. 
Hygronl. 
Hy grom. 
Hygrom. Sensor 
Hygrom. Sensor 
Hygrom. Sensor 
Hygrom. Sensor 
Hygrom. Sensor 
Hygrom. Sensor 
Hygrom. 
Hygrom. 
Probe  PCU 
P r o b e  PCU 
Probe  PCU 
NMS 
Probe  DTU 
P r o b e  DTU 
Hygrom. 
Hy grom. 
Hygrom. 
Probe  DTU 
Probe  DTU 
Probe  DTU 
Probe  DTU 
Hygrom. 
Hygrom. 
Hygrom. 
Hygrom. 
Hygrom. 
Hygrom. 
Hygrom. Sensor 
Hygrom. Sensor 
NMS 
NMS 
NMS 
Probe  DTU 
NMS 
NMS 
'Table 2. 1 
ELECTRICAL WIRING LIST 
LARGE PROBE/INSTRUMENT INTERFACE 
Connector Connector 
I tem Type of Signal Source Pin  Destination Pin  
Neutra;  Mass  Spectrometer  (continued) 
P y r o  F i r e  No. 1 High Pyrotechnic F i r e  
Pyro  F i r e  No. 1 Return  Pyrotechnic F i r e  
Pyre F i r e  No. 2 High Pyrotechnic Fire 
P y r o  F i r e  No. 2 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 3 High Pyrotechnic F i r e  
P y i o  F i r e  No. 3 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 4 High Pyrotechnic F i r e  
P y r o  F i r e  No. 4 Return Pyrotechnic Fire 
P y r o  F i r e  No. 5 High Pyrotechnic F i r e  
P y r o  F i r e  No. 5 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 6 High Pyrotechnic F i r e  
P y r o  F i r e  No. 6 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 7 High Pyrotechnic F i r e  
P y r o  F i r e  No. 7 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 8 High Pyrotechnic F i r e  
P y r o  F i r e  No. 8 Return Pyr-otechnic F i r e  
P y r o  F i r e  No. 9 High Pyrotechnic F i r e  
P y r o  F i re  No. 9 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 10  I~Iigh Pyrotechnic F i r e  
Pyrcr F i r e  No. 10 Return Pyrotechnic F i r e  
P y r o  F i r e  No. 11 High Pyrotechnic F i r e  
Pyrcv F i r e  No. 11 Return Pyrotechnic F i r e  
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Probe  PCU 
P r ~ b e  PCU 
Probe  PCU 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NMS 
NhlS 
NMS 
NMS 
NMS 
Table  2. 1 
ELECTRICAL WIRING LIST 
LARGE PROBE/INSTRUMENT INTERFACE 
Connector Connector 
I t e m  Type of Signal Source  P in  Destination P in  
WIND ALTITUDE RADAR 
Conver te r  Sync 
$28 VDC Power  
2 8  VDC Re tu rn  
S e r i a l  Digital Data 
Bi t  Clcclc 
Word Gate 
Analog TLM, Voltage 
Analog TLM, Temp  
Analog R e t u r n  
Rada r  Antenna Signal 
Signal 
Power  
Power  
T e l e m e t r y  
Timing 
Timing  
T e l e m e t r y  
Te l eme t ry  
T e l e m e t r y  
Signal 
P r o b e  PCU 
Probe  PCU 
P r o b e  PCU 
WA Rada r  
P r o b e  DTU 
P r o b e  DTU 
WA Rada r  
WA Rada r  
WA Rada r  
Antenna 
GAS CFROMATOGRAPH 
Conver te r  Sync Signal P r o b e  PCU 
+28 Vdc Power  Power  P r o b e  PCU 
28 Vdc Return  Power  P r o b e  PCU 
S e r i a l  Digital Data T e l e m e t r y  GC 
Bit Clock Timing P r o b e  DTU 
Word Gate Timing  P robe  DTU 
WA Radar  
WA Radar  
WA Rada r  
P r o b e  DTU 
WA Radar  
WA Radar  
P robe  DTU 
P r o b e  DTU 
P r o b e  DTU 
WA Radar  
GC 
GC 
GC 
P r o b e  DTU 
GC 
GC 
Table  2. 2 
INSTRUMENT LOAD CHARACTERISTICS 
TEMP.  GAUGE 
PRESSURE GAUGE 
ACCELEROMETERS 
INSTRUMENT 
WIN3 ALTITUDE RADAR 
NEUTRAL MASS 
SPECTROMETER 
FUSE RATING 
(Amps)  
CLOUD PARTICLE 
SIZE. ANALYZER 
SOLAR FLUX 
RADIOMETER 
VOLTAGE 
(Volts)  
PLANETARY FLUX 
DETECTOR 
I GAS CHROMATOGRAPH I 
AVERAGE 
CURRENT 
(Amps)  
. PEAK 
CURRENT 
(Amps)  
1 .43  
0 .43 (max) 
0.082 
Notes: F u s e  type is Li t t lefuse  256 s e r i e s ,  Picofuse 
0. 2 Amp a t  400 "g" 
fo r  10 seconds 
3. G D A T A  HhNULTDiC; ADjD COMMAND (DHC) 
3.1 Functional Description 
The Large Probc DHC will accept information in digital, analog. o r  
state form, convert the analog information to digital form, and arrange al l  
information in  an appropriate format for time multiplexed transmission t o  
Earth or storage on board the Probe. The Probe will also supply the instru- 
ments with various timing and operational status signals and functional 
commands. 
3.1.1 Telemetry Word. A telemetry word in al l  formats will consist of 7, 8 
or 10 bits. Probe generated words will be transmitted with the most signi- 
ficant bit f irst .  
3.1.2 Data Bit Rates. The DHC will be capable of processing scientific and 
engineering data a t  bit ra tes  of 512 and 128 bitslsecond. The 512 bit /s  
rate i s  used for the Checkout Mode. The 128 b i t l s  rate i s  used for Accelero- 
meters  during Blackout, and data a r e  collected and transmitted at  128 bits/ 
second during Terminal Descent Phase. 
Bit rate changes will occur within one bit period following the 
completion of the current data f rame after the reception of a bit rate change 
command by the data system sequencer. 
3.1. 3 Frame. The data subsystem will assemble the information from the 
instruments into 768 bit frames. Frame contents a r e  summarized in 
Figures 3.1 through 3.4. 
3.1.4 Format and Word Assignments. The words in a f rame a r e  assigned 
in several formats. The formats a r e  organized for particular ,probe oper- 
ational modes and a r e  selected by internal sequencer command. Upon the 
reception of a format change command by the data subsystem sequencer, 
format changes will occur within one bit period following the completion of 
the current  frame. Checkout will be accomplished by exercising all of the 
flight formats except that no pyro events will be initiated. 
3.1. 5 Format A. Format A i s  the f i r s t  format for scientific information 
and i s  used during pre-entry and post-landing. Word assignments for 
Format A a r e  shown in Figure 3.1. 
3. 1. 6 F o r m a t  B. Forrrlat 13 i s  used during R F  blackout and fo r  a shor t  period 
immedialely t h e r e a f t e ~ .  Word assignments  for  F o r m a t  B ' a r e  shown in  
F igure  3. 2. 
3. 1.7 Format s  D-l  artd D-2. F o r m a t s  D-1 and D-2 a r e  descent formats .  
Two f o r m a t s  a r e  used to accornmodatc different sc ience  requi rements  for the  
high and low alt i tude portions of the descent. Word assignments  for F o r m a t  11-1 
and  D-2 a r e  shown in F igure  3 . 3  and 3.4. 
3. 1 .8  Operational Modes of Data Subsystem. The data subsystem will be 
capable of operating in three  basic  modes a s  follows: 
(a) Data a r e  s tored ,  
(b) Data a r e  t ransmi t ted  r e a l  t ime and s tored  simultaneously. 
(c) Data a r e  t ransmi t ted  r e a l  t ime and inter leaved with the 
t ransmit t ion of s tored  data. 
3. 1. 9 On-Board Storage Capacity. A storage capacity of 5120 bits will be 
provided by the data subsystem. Storage is allocated fo r  the acce lerometer  
for  entry and blackout. 
3 .2 Signals f r o m  Scientific Instruments  
3. 2. 1 Telemetry  List. Table 2. 1 l i s t s  the data signals f r o m  the instruments .  
3. 2. 2 Charac ter i s t ics .  The charac ter i s t ics  of digital, analog, or  s t a t e  
s ignals  f r o m  the scientific ins t ruments  to the data subsys tem shall  be: 
(a) Digital Signals - shal l  have the following cha rac te r i s t i c s  
( re ference  Figure  3.4). 
(1) Amplitude 
Logic 0 (false)  0 to 0.4 vdc 
Logic l ( t rue )  2.4 to 5. 5 vdc 
( 2 )  Rise  and Fall Time (between 10% and 90% points) - 
less than 1 . 0  microsecond. 
(3) Loading - SN5414 devices shal l  be used  to  rece ive  
digital signals.  Interconnecting cables  shal l  have a 
maximum capacitance of 200 pico-farads.  
(4) Duration (between 50% points) - Minimnm rl~iration of 
digital s ignals  to the Probe  DHC shal l  be 100 
microseconds.  
(5) Word 1,ength - Digital words may bc ei thcr  7 ,  8, o r  
10 hits. 
( 6 )  Signals shall  be re ferenced  to chass is .  
(7) Ovcrvoltages will r e su l t  in hardware  damage. 
(8) A short  c i rcui t  can  be  accepted between any two 
digital signal l ines  o r  between signal l ines and ground 
without damage o r  effect upon other channels. 
(b) Analog Signals 
(1) Ful l  scale  input range  shall  be 0 to 5 volts. 
( 2 )  All input signals shal l  be referenced to a signal re turn ,  
which shall  b e  re turned  to  the  DHC. 
( 3 )  The DHC channel input impedance during sampling 
periods will be 30K ohm minimum, shunted by an  input 
impedance of 350 picofarads,  maximum. Maximum 
back cur rent  during non-sampling periods shall  be 100 
nanoamperes.  
(4) Overvoltage - Voltages up to - t 1 0  volts can be accepted 
between any two signal inputs without damage o r  effect 
upon other channels. Valid data will not be provided 
f r o m  the affected input channels during application of 
such over-voltage. 
(5) Shor t  Circui t  - A shor t  c i rcu i t  can be accepted between 
any two signal inputs o r  between any input and ground 
without damage o r  effect on other  channels. 
( 6 )  A/D Conversion - An analog signal received by the data 
subsystem will be  converted into a 7 -bit  o r  10-bit 
digital word a s  required. 
(7) Coding Accuracy - For  a source  impedance of l e s s  than 
5000 ohms the  overa l l  conversion accuracy will be 
+ 1 bit. Fo r  l a r g e r  source  impedances the e r r o r  will 
- 
be  increased. 
(8) Multiplexing - All channel multiplexing will be done in  
t h e  cent ra l  data handling system. 
( c )  State o r  Bilevel Signals 
(1) Input levels between 0 and 1. 2 volts will be encoded a s  
a logical "zero. " Input levels  between 2 and 10 volts 
will be encloded as a logical "one. " 
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! 2 )  A11 inl~ut signals shall be referenced t o  chassis. 
( 3 )  Chaili~el input impedance will be 30 K ohms or greatcr.  
(4) Overvoltages up to 1 0  volts can be accepted between any 
two signal inputs without damage or  effect on other 
channels. Valid data will not be provided from the 
affected channels during application of the overvoltage. 
(5) Short Circuit - A short circuit can be accepted between 
any two signal inputs o r  between any input and ground 
without damage or  effect upon other channels. 
( 6 )  Up to eight channel inputs will be grouped into one byte. 
3. 3 Signals to Scientific Instruments 
The DHC shall supply digital timing and command signals to the 
instruments a s  identified in  Table 2. 1. Characteristics of these signals a r e  
a s  follows: 
(1) Amplitude 
Logic 0 (false) 0 to 0.4 Vdc 
Logic 1 ( true) 2.4 to 5. 5 Vdc 
(2) Rise and Fall t ime (between 10% and 90% points) - l ess  than 
1.0 microsecond. 
(3) Loading - SN5414 i s  the recommended load device. Other 
loads shall have a maximum shunt capacitance of 350 pico- 
farads and a resistance of between 1000 and 10,000 ohms. 
Interconnecting cables shall have a maximum capacitance of 
200 picofarads. 
(4) Duration (between 50% points) 
Bit Clock Prevailing bit ra te  a t  
50 - + 5% duty cycle. 
Word Gate 10 millisecond pulse 
Frame Rate 10 millisecond pulse 
Command Signals As required. 
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T-7. 5 s e c  CD Tt26 .  0 5 i:c 
.- I1 
I 
POST BLACICOUT I 
. ...-... ...... ........ ..x.o,.r,ial ,3 z.4 
T-7. 5 sec :  Blackout begins,  4 -ax is  acce l .  data  s t o r e s  on g = 0. 5 
T t2 .  5 sec:  Blackout ends  (Alt.c-'. 70 Km) 
CD: Chute deployment 
: I T t26 .  0 s e c :  All i n s t rumen t s  beg in ' t ransmi t t ing  da ta  t o  s t o r a g e  : 1 , 3 , ' .  . . .  
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F i g u r e  3.2 LARGE PROBE FORMAT B 
100 : 
L T 1-26. 0 s c c  S.4 ~ t ~ 3 6 0  s e c  i I p o s t  i . . . 1. - 1 -- I Impact  - - --, .- - , . .. . -- - I- . ... . .. . - . -. . .. . . . F o r m a t  D - 70 Krn I D2 
~ $ 2 6 .  0: Aeroshe l l  sep. - All T t 2 3 6 0 :  Chute jet t ison 
i n s t rumen t s  t ransmit t ing.  I: Sur face  impac t  - 
'4 s e i s m i c  mode. 
ACC(T) 
-- ACC (L#2)  (10) JACC (R.  U. ) (10) ACC ( A ) ?  
.- . . - -. 
" (10) !SPARE (6)  ! HYGROMETER (11) 1 
SOLAR RADIOMETER (48) 
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. , , . . . . . 
. , 
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lll.'.-.Y_ 4 
- - - -- -. . - I i I 
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* I PRESS (10) T E M P  ! 
- - (10'1 
.. 
\ 
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32 4 
I -  
Note: Gas Chromatograph  wi l l  be used  to dump m e m o r y  for  10 min. M a s s  
Spectrometer space  will be  empty  fo r  f i r s t  10 f r a m e s  (1  min.  ). 
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F igure  3.4 LAliGE PROBE FORMAT D2 
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.x ( L H Z )  (10) I T E ~ ~ I P  (12) ! 
-. 
-  .-. . - 
-b SOLAR RADIOMETER (1 0 )  I 
.. 
F C  .I k'ralni C o l u ~ t  
F S  = Frame Synch 
P ID = P r o b e  I. D. K 
MASS SPEC = M a s s  Spectrometer  
T I ,  T 2  = Tempera tu re  Gauge 1 and 2 
E = Enginecring/Housekeeping 
P1, P2 = P r e s s u r e  Gauge 1 and 2 
S = Spare  
I4YGR = Hygrometer  
SOL RAD - Solar  Flux Radiometer  
CPSA - Cloud Pa r t i c l e  Size Analyzer 
ACC = Accelcrorneter 
PLAN FLUX = Plane tary  F lux  Radiometer  
SUB = Calibration Subcornmutator 
WAR = Wind Altitude Radar  
GC = Gas Chromatograph 
D I G I T A L  S I G N A L S  F R O M  S C I E N C E  I N S T R U M E N T S  
% 
---A- 
" O n  STATE 
r 
TRANSMITTER 
"0" STATE 
I I 
RECEIVER 
FIGURE 3.4 
4 .0  THERMAL 
4. 1 T h e r m a l  Control  
T h e r m a l  control  i s  provided by the rma l  insualtion, coatings,  
and science window hea t e r s  on the descent  capsule and the aeroshe l l  
h'eat shield to maintain  a n  environment assur ing  that  a l l  P robe  com- 
ponents a r e  within the i r  t e m p e r a t u r e  l imi t s  for a l l  miss ion  phases .  
T h e  L a r g e  P robe  t empera tu re  l imi t s  in te r ior  and ex te r ior  to 
the  p r e s s u r e  v e s s e l  a s  a function of the miss ion  phase a r e  given in 
Table  4. 1, under both operating and non-operating conditions. The  
scientif ic ins t ruments  m u s t  b e  capable  of proper  operation,  a s  
applicable for e i ther  the  operate/non-operate  mode, per  the l imi t s  
specified in Table  4. 1. 
TABLE 4.1 
LARGE PROBE TEMPERATURE LIMITS 
INTERIOR TO EXTERIOR TO 
MISSION PHASE PRESSURE VESSEL PRESSURE VESSEL 
Pre- launch  (Operating) 256 to  305K 256 to 325K 
Launch and Cru i se  (Non- 256 to  302K 227 to  344K 
operating) 
C r u i s e  (Operating) 256 to  305K 256 to 325K 
Descent (Operating) 305 to  322K 256K to  * 
*: Each  ex te r ior  component m u s t  b e  designed with upper tempera ture  l imi t  
consistent with maximum a tmospher ic  t empera tu re  for  which it i s  intended 
t o  operate.  
5.0  ELECTR04lAC:-NETIC INTERFERENCE 
Spacecraft equipment and scientific instruments shall comply with 
the electromagnetic interference requirements a s  given by specification 
using, applicable requirements of MIL-STD-461. Each probe subsystem i s  
electromagnetically compatible with a l l  other probe subsystems, scientific 
instruments, and the probe bus spacecraft a s  specified in (TBS) and the 
associated ground support equipment. Electromagnetic compatibility 
requires: 
(a) The normal operation of each probe subsystem shall not 
. ' be adversely affected by signals or voltage variations 
generated by other subsystems or  scientific instruments 
a s  par t  of their normal operating mode or  intended function. 
(b) No probe subsystenl shall disturb normal operations of 
other subsystems or scientific instruments by emission 
of signals or voltage variations other than those produced 
to perform its intended function. 
6.0 MISCELLANEOUS 
6.1 Spin Requirement 
6-1.1 Spin Rate. The large probe design will include canted aerodynamic ducts 
. - 
through a stabilization ring assembly for the purposes of imparting a spin of 
approximately 10 7r rad/km to the probe. The maximum spin rate for the probe 
will be 2.09 radls which occurs immediately after the aeroshell jettison 
.' 
at 70 km altitude where the descent velocity is 56 meters per second. 
6.1.2 Spin Direction. Either clockwise or counterclockwise spin direction 
is acceptable. The spin direction of the large probe will be in the same 
direction as that of the probe bus. The spin of the large probe will be 
about the geometric axis of symmetry. 
6.1.3 Spacecraft Axis Notation. The spacecraft axis notation is as that 
presented in Figure 1.0. 
6.2 Probe Stability 
The large probe is aerodynamically stable in the sense that a completely 
passive body can be stable; i.e., when it is hit by a disturbance it will 
respond to the disturbance but the amplitude of the response will damp 
out. The angle of attack response for the descent capsule is given by 
The first term represents the attitude offset introduced by a wind shear 
and has a time constant - 5-15sec.The second term represents the 
damped oscillations about this offset with damping time to half amplitude, 
0.693 (11 -3-5sec after parachute jettison. The oscillation period 
2 n / ~  - U.bSec before parachute jettison and 4.5-6 sec afterwards; the offset 
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a t t i t u d e  achieved by t h e  probe f o r  a  cons tant  wind shea r  is propor t ional  
t o  t h e  probe te rminal  v e l o c i t y .  For a  wind shear  a s  given i n  NASA SP-8011 
of dv /dh = 0.05 (m/s)/m t h e  o f f s e t  w i l l  range from 3'-15' during t h e  W 
descent  ., 
With small  wind g rad ien t s  s u c h a s  t h e  0.05 (m/s)/m t h e  f i r s t  term i s  
d o m i n y t  i . e .  KO>> K1 but  if wind gus t s  approached 1-10 (m/s)/m then 
Kl>> KO i . e .  t h e  o s c i l l a t o r y  term i s  dominant. 
PART III 
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SCOPE: 
This document defines the characteristics of the Pioneer Venus 
Small Probe spacecraft pertinent to the scientific instruments 
and the requirements of the Small Probe on the scientific 
instruments. 
1.1 Configuration and niincnsions 
The dinlensions of the irlstrumcnts shall be compatible with the 
overall s ize allocation for the small probe. 
The approximate size allocation for each experiment instrument 
shall be a s  given in Table 1.0. These data a r e  specifically for that 
instrument complement as  presently defined for the small probe. Changes 
to the instrument complement a r e  anticipated and can be accommodated. 
The small probe descent capsule showing the location for the various 
experiment instruments i s  given in Figure 1.0. 
1.2 Mass Propert ies 
The total weight available for experiments on each small probe i s  
2.2 Kg (4.9 lbs. ). For  an instrument complement a s  shown in Table 1. 1, 
the approximate weight allocations a r e  a s  listed. The weight for each of 
the instruments shall not exceed those weights listed in Table 1. 1. The 
specified weights do not include any connectors and cabling between the 
experiment boxes. 
1 . 3  Mounting Technique 
To minimize heat leakage into the probe i t  i s  preferred that 
instruments not be mounted physically to the pressure vessel but be mounted 
in intimate contact with the equipment platform. It i s  recognized that some 
instruments will have elements that need to be tied structurally to the external 
and internal pressure  veseel surfaces. The mounting of each instrument will 
be specified within and controlled by the Project Office through the instrument 
ICD. 
1.  4 Mechanical Attachment 
All the instruments a r e  mounted on an equipment platform as  shown 
in Figure 1.0. The windows for the Nephelometer and IR Flux Detector a r e  
mounted on the pressure  shell. The deployment mechanism for the IR Flux 
mir ror ,  temperature gauge, and nephelometer a r e  mounted in the aeroshell. 
The temperature sensor and IR Flux mir ror  will be mounted in a spring loaded 
deployable mechanism which will  eject a plug from the aeroshell or afterbody 
cover a t  the time of sensor deployment. The entrance tube for the pressure  
gauge i s  mounted a t  the apex of the heat shields. 
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The thc rma l  cha rac te r i s t i c s  of the mechanical attachment shall  be 
designed to promote heat  t r ans fe r  between the ins t rumcnts  and the 
equipment platform. The average  tempera ture  achieved hy the in te r ior  
s y s t e m  a t  sur face  impact  wi l l  be  322 K and the p r e s s u r e  shel l  t empera ture  
will r e a c h  405 K. 
1 .6 Windows and Feed-Throuehs 
1. 6. 1 Window Mechanical Interfaces.  All windows will cons is t  of an  inner  
and an  outer lens  element. The outer element will be extended beyond the 
probe insulation. The inner element  will be located just outboard of the walls  
of the p r e s s u r e  vesse l .  Each e lement  i s  capable of withstanding the p r e s s u r e  
differential  that would exis t  a t  the Venus surface. 
The small probe ins t rument  windows a r e  assoc ia ted  with the nephelometer 
instrument .  A cylindrical window i s  used for  the t ransmi t ted  l a s e r  beam path. 
A conical window i s  used for  detector  observation of sca t te red  light. The 
windows employed in the sma l l  probe  a r e  shown i n  F igure  1.2. 
Heating f o r  a l l  windou-s i n  the sma l l  probe will be  supplied by the 
probe to  minimize deposits of any condensation products.  Window heater  
power will be  turned on a t  approximately 70 k m  alti tude and will r ema in  on 
until p robe  impact.  
1 . 6 . 2  Mechanical Feed-Throughs. A p r e s s u r e  vesse l  penetration will be 
provided fo r  the inlet  to the p r e s s u r e  gauges as shown i n  F igure  1.0. 
1 .7 Dynamic and Static Environments  
The significant dynamic and  s ta t ic  environments to  b e  encountered 
by the science ins t ruments  occur  during (a) launch and t rans-Venus 
injection, (b) in te rp lane tary  c r u i s e ,  (c) Venus encounter,  p re - sepa ra t ion  
and probe c ru i se ,  (d) Venus en t ry  and (3) descent. The Dynamic and Static 
environments a r e  summar ized  in  Table 1.2. 
1.8 Alignment 
Ins t rument  mounting su r faces  will be  held to alignment tolerances 
of - t 0. 5 degree  with r e s p e c t  to t h e  probe  coordinate system. Instruments  
requir ing c lose r  alignments will 'be assigned individual mounting provisions,  
o r  the ins t rument  shall  provide individual capability to  sat isfy the  r c q u i r e -  
ments.  Equipment mounting will be i n  a manner  that will be compatible with 
thermal  control and s t ruc tu ra l  integri ty  as rcqui red  for the system. 
Mounting points on thc equipment platform have mounting sur faces  with 
a n  out-of-plane to le rance  not t o  exceed .0127 c m  (. 005 in). 
1 .9  Operating Atmosphe re  
The probe in te rna l  p r e s s u r e  may va ry  during different p a r t s  of the 
2 
mission.  The probe  will be sea led  a t  103 k M / m  NZ (1 ATM) and m a y  leak  
2 down to a p r e s s u r e  not l e s s  than 41.4 k N / m  (. 4 ATM). 
I TABLE 1. 0 SMAi,l.  PEO131: JXSTRUMENT ALLOCATION 
Note 1. Instrument electronics are installed into the pr,obe 
integrated electronic assembly. 
Volume 
(Nominal) 
- + 15% 
CC 
100 
115 
3 3 
328 
131 
524 
1 Max Envelope 
I Dimensions Instrument Excluding 
Connectors 
c m  
o Temperature 1 3.8 x 5.1 x 5.8 (Note 1) Gauge 
o P re s su re  
Gauge 
o Accelerometer 
o IR Flux 
Detector 
o Stable 
Oscillator 
o Nephelometer 
2.9 x 5 .  1 x 8. 9 (Note 1 )  
3.2 Dia. x 4.6  
3 . 6  x 6.3 x 16. 5 
6 .6  Dia. Sphere 
7 .0  x 7 .5  x 11.5 
I 
SECTION L A  SECTION B-0  Figure 1.0 General k r q m e n t  of Small Pmbe 
TABLE 1.1 SCIENCE LMASS PROPERTIES (SMALL PROBE) 
I n s t r u m e n t  
IR Flux Detector 
Small P r o b e  Total 
CnINDRICAL WINDOW 
FIGURE i.2 - SMALL PROBE NEPHELOMETER WINDOWS 
1 i9  
SMALL PROBE - UNIQUE EAVIRONMENTS (Note 1 )  
LAUNCH AND INTER- VENUS ENCOUNT, VENUS 
TRANS VENUS PLANETARY PRESEP, SEP & ENTRY DESCEKT 
ENVIRONMENT 
- INJECTION CRUISE PROBE CRUISE 
DURATION Z 30 Min. 91 Days = 25 Days := 50 Sec. 65 Win. 
PROBE FUNCTIONAL MODE NONOPERATE NONOPERATE KOPERATION OPERATION OTE?4TlON 
*"NONOPEb'Lrn 
TEtSEKATUFE 
BULK ATHOSPIIERE 283 t o  305 K 305 t o  266 t o  310 K 369 t o  402 K 255 t o  272 K 272 t-s 336 K 
WALL TEPlP INSIDE 283 t o  305 K 255 t o  305 K 255 t o  305 K 255 t o  305 :< 4 i u  ,: 
PRESS SHELL 
IiU'S IDE SURFACE-SP 283 t o  305K 255 t o  305 K Forebody:369 t o  402 K 755 K 767 iZ 
AEROSHELL Aiterbody: 255 t o  305 K 
OUTSIDE SUXF-SP 283 t o  305K 255 t o  305 K Forebody: 369 t o  402 K 2533 K 767 IZ 
- 
N - AEROSHELL Afterbody: 228 t o  211 K 
a ACCELERATION 
SPIN .087 g pe r  .087 g pe r  .087 g !'I 
r a d i u s  foo t  r a d l u s  f o o t  r ad ius  Loof 
from S P from S P trom S P 
s p i n  a x i s  ~ n ~ n   XIS S D W  a x i s  
DECELERATION 
LINEAR 400 g 
AEROHEATING MILY HEATING 
AT STAGNA- 
TION POINT & 
40' ENTRY 
ANGLE IS23800 
IJATTS/CN 
CONVECTIVE & 
900 W A ~ ' ~ . S / C M ~  
NOT7 1: Only those  unique environments have been l i s t e d .  I f  no e n t r y  i s  shown f o r  a gi71en environment 
phase f o r  t h e  smal l  probe,  p l e a s e  r e f e r  t o  l a r g e  probe t a b l e s  f o r  r e s p e c t i v e  environ-ents.  
(See TABLE 1.5 of t h e  Large Probe I n t e r f a c e  Document) 
ELECT!<ICAL l'Oi~!EK AND CMLIIIG 
Hardware - The Small Probc E l e c t r i c a l  Power Subsystem c o n s i s t s  of 
--
a b a t t e r y ,  power swi tches ,  f a u l t  p r o t e c t i o n  elements ,  and nonyexplosive 
device fi-ring c i r c u i t r y .  
Power Sources 
Ground Power - Ground power (v i a  t h e  ground checkout connector)  and 
Probe b a t t e r y  power w i l l  b e  used a s  requi red  f o r  prelaunch a c t i v i t i e s .  
Use of Probe b a t t e r y  power w i l l  be l i m i t e d  dur ing  a l l  t e s t i n g  phases 
and p roh ib i t ed  a f t e r  f i n a l  b a t t e r y  charge.  
Cruise Power Source - Power during t h e  c r u i s e  p o r t i o n  of t h e  mission 
(launch i n s e r t i o n  through Probe s e p a r a t i o n  from t h e  Probe Bus) w i l l  
be  supplied from t h e  Probe Bus. The v o l t a g e  s h a l l  be  28VDC _+ 10%. 
Pos t  Separat ion Fowcr - Power a f t e r  Probe s e p a r a t i o n  s h a l l  be der ived  
from t h e  probe b a t t e r y .  
Power Control  
Voltage Control  - The output  vo l t age  of t h e  Probe i s  regula ted  by 
monovalent opera t ion  of  t h e  s i l v e r - z i n c  b a t t e r y  and i s  he ld  28 VDC + 107'. 
F a u l t  P ro tec t ion  - Power t o  sc i ence  ins t ruments  w i l l  be fused i n d i v i d u a l l y  
a t  t h e  l e v e l s  shown i n  Table 2.1. The f u s e s  w i l l  be loca ted  i n  t h e  
Probe power subsystem. 
Switching - Instrument turn-on/off s h a l l  b e  accomplished by swi tching  
of  the  branch c i r c u i t  i n  t h e  Probe power subsystem. 
2.4 ... . rro;.;e Ou?ptjI.- ~~!!~?.'r:ct(i~.i.~tiz$ 
2.4.1 uributior. - h c h  scientific instrument will receive +28VDC 
electrical power through an individual, fused, branch circuit. Thc 
branch circuit will be energizedlde-energized by Probe sequencer 
control. The power allotted to the instrument is measured at the 
shacecraftlinstrument interface connector. See Table 2.0. 
2.4.2 Voltage - Steady state power to the instruments shall be 28 vdc 
+ 1(P7,, as measured at the instrument terminals. 
-
2.4.3 Noise and Rippl~ - Except for the transient voltage excursions 
specified below, the peak-to-peak amplitude of any voltage 
excursion, periodic or aperiodic, shall not exceed 1.0 volt at any 
frequency between 30 Hz and 10.0 KHz decreasing at 6 dB1octave to 
0.5 volts at 20.6 KHz and remaining at 0.5 volts through 100 MHz. 
2.4.4 Transient Voltaze Excursions 
(a) Performance - The instruments shall be designed to accommodate 
without performance degradation voltage transients up to 
+42 vdc or down to +18 vdc for durations of 10 microseconds or 
voltages to +20 vdc for durations of 500 milliseconds on the 
nominal +28 vdc bus. 
(b) Damage - The instruments shall be designed so that no damage, 
long term degradation, or modes where proper performance is not 
automatically resumed when the transient is removed, shall occur 
when 10 microsecond voltage transients up to +56 vdc or down to 
0 vdc are seen on the nominal +28 vdc bus. 
2.4.5 Source Impedance - The source impedance will not exceed 0. 5 ohms. 
2.4.6 Other Voltages - None defined. 
2.5 Instru~r~cnr I.oacl Chzi..acteristics 
2.5.1 *ad Current 
2.5.1.1 Averajie - See Table 2.1. 
2.5.1.2 Peak - See Table 2.1. 
2.5.2 Duty Cycle - Not applicable. 
2.5.3 Inrush Current - Upon application of the 28 vdc primary power to the 
instrument's primary power circuit the instrument's load current 
surge shall not exceed the larger of 400 milliamperes or 100 percent 
above the steady state requirement. The current shall return to 
steady state f 10% within 10 milliseconds. 
2.5.4 Load No& - When operating from a power source impedance of 1.0 ohms, 
no single instrument shall feed back into the power input circuit any 
electrical noise kicher periodic or aperiodic in excess of 560 milli- 
volts peak-to-peak at any frequency between 30 Hz and 10.0 KHz 
decreasing a 6 dB/octave to 280 millivolts peak-to-peak at 20.0 KHz 
and remaining at 280 millivolts peak-to-peak or less from 20.0 KHz 
through 100 MHz. 
2.5.5 Grounding - The power supply circuit shall be isolated from chassis 
ground within each instrument by at least 10 megohms at 500 vdc. 
2.5.6 Bonding - All instrument cases shall be bonded to Probe structure and 
shall have a maximum permissible bcnding impedance of 10 milliohms. 
Bonding of science instruments shall be in accordance with MIL-B-5087 
(latest revision). 
Connsctc.:~ and Cabiing 
--- 
Connector Types - The connector installed on an instrument that connects 
the instrument to the spacecraft harness shall be a male (straight or 
coaxial insert) pin connector selected from the Cannon nonmagnetic 
series of connectors (WC-A-106 suffix). The use of two identical 
connectors on any one box is prohibited. Keying shall be provided. 
Use of end pins shall be avoided, if possible. 
Interface Connector Location - The centerline of the interface connector 
shall be located as defined in Section 1.0, Figure 1.0. 
Test Connector Location - The location of test connector (if required) 
shall be defined in Section 1.0, Figure 1.0. 
Connector Pins - Cannon nonmagnetic pins shall be used. 
Connector savers shall be provided for each instrument connector. 
The pin assignments shall be in accordance with Table 2.0. 
Connector Encap~ulation - If encapsulated, the encapsulation shall be 
done with mated connectors to insure proper pin alignment. ARC shall 
be notified of the use of any encapsulated interface connectors. 
Connector Identification - Each connector shall be identified by 
a number in accordance with Section 1.0. 
Wiring - Wires between any two units of one instrument shall be twisted 
pairs whenever possible. Shielded twisted pairs, single conductor, or 
coaxial cables may be used if necessary, except that coaxial cables 
shall be avoided where the wiring between the two units must pass 
through Probe structural interfaces. The maximum wire size will be 
No. 2G XXG, and (.he u.inimum wire size (except ior coaxial cablesj 
will be No. 24 AWG. 
ABBREVIATIONS 
FOR TABLE 2.0  
DHC - Data Handling & Command Unit 
PCU - Power Control Unit ( integrated into DHC) 
T P - Twisted P a i r  Wire  
S T P  - Shielded Twisted P a i r  Wi re  
T L M  - T e l e m e t r y  
MUX - Multiplexer (analog data) 
Table 2. 0 
ELECTRICAL WIRING LIST 
SMALL PROBE/INSTRUMENT INTERFACE 
Connector Load o r  Connector 
I tem Type of Signal Source Pin  Destination P i n  Remarks  
TEMP GAUGE 
Converter Sync 
t 2 8  Irdc Power 
28 Vdc Return 
Analog TLM, Temp 
Analog TLM, Thermis tor  
Analog TLM, Return 
Temp Sensor  Signal 
Temp Sensor Return 
PRESSURE GAUGE 
Signal 
Power 
Power 
Telemetry  
Telemetry  
Telemetry  
Signal 
'Signal 
Probe  PCU 
Probe  PCU 
Probe  PCU 
Temp Gauge 
Temp Gauge 
Temp Gauge 
Temp Sensor 
Temp Sensor 
Conv~:r ter  Sync Signal Probe  PCU 
t 2 8  Vdc Power Power P r o b e  PCU 
28 Vdc Return Power P robe  PCU 
Analog TLM, P r e s s  Telemetry  P r e s s  Gauge 
Analog TLM, Thermis tor  . Telemetry  P r e s s  Gauge 
Analog TLM. Return Telemetry  P r e s s  Gauge 
ACCELE:ROMETER 
Coni,i r t e r  Sync 
i 2 8  Vdc Power 
28 Vdc Return 
Signal 
Power 
Power 
P robe  PCU 
Probe  PCU 
Temp Gauge 
Temp Gauge 
Temp Gauge 
P robe  DHC 
Probe  DHC 
Probe  DHC 
Temp Gauge 
Temp Gauge 
P r e s s  Gauge 
P r e s s  Gauge 
P r e s s  Gauge 
Probe  DHC 
P r o b e  DHC 
Probe  DHC 
Accelerometer  
Accelerometer  
P robe  PCTj Accelerometer  
Table 2.0 (Continued) 
ELECTRICAL WIRING LIST 
SMALL PROBE/INSTRUMENT INTERFACE 
. 
Connector Load o r  Connector 
I t em Type of Signal Source Pin  Destination P i n  Remarks  
Accelerometer  (continued) 
Analcg TLM, Axial Accel. Telemetry Accelerometer  Pr0b.e DHC 
Analc g TLM, Turbulence Telemetry  Accelerometer  
Analcg TLM, Thermis tor  Telemetry  Accelerometer  
P robe  DHC 
P r o b e  DHC 
Analcg TLM, Return Telemetry  Accelerometer  P r o b e  DHC 
Checl;out No. 1 Ground Checkout Accelerometer  Checkout Connector 
Cheel:out No. 2 11 II II 1 1  II 
Checkout No. 3 , I  II II II 1 1  
- 
,N Checl;out No. 4 9 1  1 1  ) I  II 1 1 1 1  
Checl.:out Return 1 1  II 1 1  1 1  11 
NEPHELOMETER 
Converter  Sync 
t 2 8  Vdc Power  
28 Vdc Return 
Ser ia l  Digital Data #1 
Ser i a l  Digital Data #2 
Bit Clock 
Word Gate # I  
Word Gate #2 
Signal 
Power 
Power  
Telemetry  
Telemetry  
Timing 
Timing 
Timing 
P r o b e  PCU 
P r o b e  PCU 
P r o b e  PCU 
Nephelometer 
Nephelometer 
P r o b e  DTU 
Probe  DTU , 
P r o b e  DTU 
Nephelometer 
Nephelometer 
Nephelometer 
P robe  DTU 
Probe  DTU 
Nephelometer 
Nephelometer 
Nephelometer 
TP-A 
TP-A 
TP-A 
Table  2.0 (Concluded) 
ELECTRICAL WIRING LIST 
SMALL PROBE/INS,TRUMENT INTERFACE 
Connector Load o r  Connector 
I t e m  Type of Signal Source P i n  Destination P i n  R e m a r k s  
IR FLUX RADIOMETER 
Conver te r  Sync Signal P r o b e  PCU IRFR 
t 2 8  Vdc Power  Power  P r o b e  PCU IRFR 
28 Vdc Power  Return  Power  P r o b e  PCU IRFR 
Bit  C;ock Timing P r o b e  DTU IRFR 
Digitzl Data #1 Te l eme t ry  IRFR P r o b e  DTU 
Digita 1 Data #2 T e l e m e t r y  IRFR P r o b e  DTU 
,.- 
N Digital Data # 3  T e l e m e t r y  IRFR 
m 
P r o b e  DTU 
Word Gate #1 Timing P r o b e  DTU IRFR 
Word Gate #2 Timing P r o b e  DTU IRFR 
Word Gate # 3  Timing P r o b e  DTU IRFR 
TABLE 2.1 INSTRUMENT LOAD CHARACTERISTICS 
INSTRUMENT 
ACCELEROMETER 
PRESSURE 
TEMPERATURE 
IR FLUX DETECTOR 
NEPI-IELOMETER 
STABLE OSCILLATOR 
FUSE RATING 
(Amps)  
118 
118 
118 
3 14 
114 
1 / 1 6  
- PEAK 
CURRENT 
(Amps 
0. 16 at 400 G' s 
peak, duration 
10 seconds 
. 28 Max. 
VOLTAGE 
( v o l t s )  
t 28 VDC - t 10% 
t 28 VDC - + 10% 
t 28 VDC - + 10% 
t 28 VDC - t 10% 
+ 28 VDC - t 10% 
+ 28 VDC - t 10% 
AVERAGE 
CURRENT 
(Amps) 
0.036 
0.02 
0. 02 
.071  
0.071 
.009 
3.0  DATA 1-IANDLING AND COMMAND (DI-IC) 
3 .1  Functional Description 
The Smal l  P r o b e  DHC will  accept  information in digital, analog, 
o r  s ta te  form,  convert  the analog information t o  digital fo rm,  and 
' a r range  a l l  information inan appropr ia te  format  for  t ime  multiplexed 
t ransmiss ion  t o  E a r t h  o r  s torage  on board the Probe.  The P robe  
will a l so  supply the ins t ruments  with var ious timing and operational 
s ta tus  signals and functional commands. 
3.1.1 Te leme t ry  Word - A te lemet ry  word in a l l  fo rma t s  will consis t  of 7, 8 
o r  10 bits. P r o b e  generated words  will  be t ransmi t ted  with the mos t  
significant bit f i r  st.  
3. 1. 2 Data Bit Rates  - T h e  DHC will b e  capable of processing scientific 
and  engineer ing data  a t  bit  r a t e s  of 512 and 64 bi ts /second.  The  512 
b i t l s  r a t e - i s  used for the Checkout Mode. Bit r a t e  changes will occur 
within one bi t  per iod following the completion of the cur ren t  data 
f r a m e  af ter  the  reception of a bi t  r a t e  change command by the data 
s y s t e m  sequencer.  
3. 1. 3 F r a m e  - The  data subsystem will  assemble  the information f rom the 
ins t ruments  into f r a m e s  of 768 bits.  F r a m e  word 
assignments  a r e  shown in F i g u r e s  3.1 and 3 . 2 .  
3.1.4 F o r m a t  and Word Assignments  - T h e  words in a f r ame  a r e  ass igned in 
seve ra l  formats .  The  fo rma t s  a r e  organized for par t icular  probe 
operational modes  and a r e  selected by internal  sequencer command. 
F o r m a t  changes will occur within one bit  period following the comple- 
tion of the c u r r e n t  f r a m e  upon the reception of a fo rma t  change command 
by the  data subsys tem sequencer.  Checkout will be accomplished by 
exercis ing a l l  of the flight formats .  
3. 1. 5 F o r m a t  A - F o r m a t  A is the f i r s t  format  f o r  scientific information 
-
and i s  used  during p re -en t ry  and post-landing. Word as-signme~lts for 
F o r m a t  A a r e  shown in F i g u r e  3 .1 .  
3. 1.6 F o r m a t  D-1 - Format  D- 1 is used during the high altitude portion of 
'the descent  (between 70 and  38 km). Word ass ignments  for F o r m a t  D-1 
a r e  shown in  F igure  3.2. 
3. 1.7 F o r m a t  D-2 - F o r m a t  D-2 is a-descent  scientific format .  I t  i s  used 
to accommodate different science requi rements  for  the low alt i tude 
portions of the descent .  Word assignments  for  
F o r m a t  D-2 a r e  shown in  F igure  3.2. 
3 . 1 . 8  Operational Modes of Data Subsystem - T h e  data subsystem will be 
capable of operating in  t h r e e  b a s i c  modes a s  follows: 
( a )  Data a r e  t r ansmi t t ed  r e a l  time. 
(b)  Data a r e  stored. 
( c )  Data are t ransmi t ted  r e a l  t ime and inter leaved with the 
t r ansmiss ion  of s to red  data. 
3. 1.9 On-Board Storage Capacity - A s torage  capacity of 5120 bi ts  w ~ l l  be 
provided by the data  subsystem. 
3.  2 Sier-tals f roin Scii:;~iiii.c 1ii:;iruinents 
- . -- 
3.  2. 1 ' r e lemzt ry  !,;st -. Taljlc 2.0 l i s t s  the data signals f r o m  the instrume~?t :? .  
.- - .  .
3.2. 2 Charactr..ri <j-Lics -. - l'hc characteristics of digital, analog, o r  st-1.2 signal; 
f r o m  the scientific i n s t rumrn t s  to the data subsysten; si::ill b e :  
( a )  Digital Signals - si::.?i have the following character is t ics .  
( 1) Amplitude 
Logic 0 ( fa l se)  0 to  0.4 Vdc 
Logic 1 ( t rue )  2 .4  to 5.5 Vdc 
( 2 )  Rise  and F a l l  t i m e  (between 10% and 90% points) - l e s s  
than 1.0 microsecond 
( 3 )  Loading - SN5414 devices  sha l l  be  used to  rece ive  digital 
signals.  Interconnecting cabies  shal l  have a maximum 
capaci tancc of 200 picofarads.  
, (4) Duration (between 5070 points) - Minimum duration of 
. . digital  s ignals  t3 the P r o b e  DHC shal l  be 100 microseconds.  
(5)  Word length - Digital words may  be  either 7 o r  10 bits. 
( 6 )  Signals sha l l  be  r e fe renced  to chass i s .  
(7) Overvol tages  will  r e s u l t  i n  hardware  damage. 
(8) A s h o r t  c i r cu i t  can be  accepted between any two digital  
s ignal  l ines  o r  between signal l ines  and.gr.ound without 
damage o r  effect upon other  channels. 
(b)  Analog Signals 
(1) Fu l l  s ca l e  input r ange  sha l l  be  0 to  5 volts. 
(2) , All  input s ignals  shal l  be re ferenced  to  a signal r e t u r n ,  
which shal l  be  r e tu rned  t o  the DHC. 
(3) The DHC channel i npu t  impedance du r ing  sampling per iods  w i l l  
be 30 K ohm minimum, shunted by a n  input  impedance of 
350 p ico fa rads ,  maximum. Maximum back c u r r e n t  dur ing  
nonsampling pe r iods  s h a l l  be 100 nanoamperes. 
( 4 )  Overvoltage - Voltages up t o  2 10 v o l t s  can be accepted between 
any two s i g n a l  i n p u t s  o r  between any input  and ground, wi thout  
damage o r  e f f e c t  upon o t h e r  channels .  Valid d a t a  w i l l  no t  be 
provided from t h e  a f f e c t e d  input  channels  dur ing  a p p l i c a t i o n  of 
such over-vol tage.  
( 5 )  Shor t  c i r c u i t  - ' A  s h o r t  c i r c u i t  can be accepted between any trio 
s i g n a l  i n p u t s  o r  between any inpu t  and ground, wi thout  damage 
o r  e f f e c t  on o t h e r  channels.  
( 6 )  A/D Conversion - An analog s i g n a l  rece ived  by t h e  d a t a  subsystem 
w i l l  be converted i n t o  a 7 o r  10 -b i t  d i g i t a l  word a s  r equ i red .  
(7) Coding Accuracy - For a source impedance of  l e s s  than 5000 
ohms t h e  o v e r a l l  conversion accuracy w i l l  be 2 1 b i t .  For 
l a r g e r  source  impedances the e r r o r - w i l l  be  increased .  
( c )  , S t a t e  o r  B i l eve l  S igna l s  
(1) Inpu t  l e v e l s  between 0 and 1.2 v o l t s  w i l l  be encoded a s  a 
l o g i c a l  "zero". Inpu t  l e v e l s  between 2 and 10 v o l t s  w i l l  be 
encoded a s  a l o g i c a l  "one". 
(2) A l l  i npu t  s i g n a l s  s h a l l  be re ferenced  t o  c h a s s i s .  
(3) Channel input  impedance w i l l  be 30 K ohms o r  g r e a t e r .  
(4)  Overvol tages  up to 10 volts can be  accepted between any 
two signal inputs o r  between any input and ground, without 
damage o r  e f f e c t  on other channels. Valid data w i l l  not be 
provided from the affected channels daring application of 
the overvoltage. 
(5) Shor t  c i r cu i t  - A shor t  c i rcu i t  can be accepted between 
any two Signal inputs o r  between any input and ground, without 
damage o r  e f f e c t  upon other channels. 
3. 3 Signals  t o  Scientific Ins t ruments  - 
T h e  DHC will supply digital t iming and command signals t o  
the  ins t ruments  a s  identified in Table  2.0. Cha rac t e r i s t i c s  of these  
s ignals  a r e  a s  follows: 
(1) Amplitude - 
Logic 0 ( fa l se)  0 t o  0 .4  Vdc 
Logic 1 ( t rue )  2 .4  to  5. 5 Vdc 
(2) R i s e  and F a l l  t ime (between 10% and 9070 points) - l e s s  than 
1.0 m i c r o s e c ~ n d .  
( 3 )  Loading - S N  5414 i s  the recommended load device.  Other  
loads sha l l  have  a maximum shunt capacitance of 350 pico- 
f a r a d s  and a r e s i s t ance  of between 1000 and 10,000 ohms. 
Interconnecting cables  shall  have  a maximum capacitance 
of 200 picofarads.  
(4)  Duration (between 50% points) 
Bi t  Clock Preva i l ing  Bit Rate  at 50 - + 5% 
duty cycle  
Word  Gate  10 mil l isecond pulse  
F r a m e  Rate 10 mil l isecond p ~ i l s ~  
Command Signals a s  r equ i r ed  
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4.1 Thermal Control - 
Thermal control is provided by thermal insulation, coatings, phase 
change material and a science window heater on the descent capsule and 
the aeroshell heat shield to maintain an environment assuring that all 
Probe components are within their temperature limits for all mission 
phases. 
The Small Probe temperature limits interior and exterior to the pressure 
vessel as a function of the mission phase are given in Table 4.1 under 
both operating and non-operating conditions. 
The scientific instrcments must be capable of proper operation, as 
applicable for either the operatc/non-operate mode, per the limits 
specified in Table 4.1. 
TABLE 4.1 SMALL PROEE TEMPER.4TIJI:C LINITS 
INTERIOR TO EXTERIOR TO 
M~SSION PHASE PRESSURE VESSEL, K PRESSURE VESSEL, K 
Pre-Launch (Operating) 
Pre-Launch (Non-operating) 
Launch and Cruise (Non-operating) 256 to 302 K 
Cruise (Operating) 256 to 305 K 
Descent (Operating) 266 to 322 K 
* Each exterior component must be designed with upper temperature limit 
consistent with maximum atmospheric temperature for which it is intended to 
operate. 
5.0  ELECTROMAGNETIC INTERFERENCE 
Spacecraft equipment and scientific instruments shall comply with the 
electromagnetic interference requirements a s  given by specification, using 
the applicable requirements of MIL-STD-461. Each probe subsystem i s  
electromagnetically compatible with a l l  other probe subsystems, scientific 
instruments, and the probe bus spacecraft a s  specified in (TBS) and the 
associated ground support equipment. Electromagnetic compatibility requires 
that: 
I' 
(a) The normal operation of each probe subsystem shall not be 
adversely affected by signals o r  voltage variations generated 
by other subsystems or  scientific instruments a s  par t  of their 
normal operating mode or  intended function. 
(b) No probe subsystem shall disturb normal operations of other 
subsystems or  scientific instruments by emission of signals 
o r  voltage variations other than those produced to perform i t s  
intended function. 
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